
LITTLE SCIENCE 


Tick! trick! trickle! 


make one, and (uilhcrmorc, it would'ni 
cost you anything, for all you II require 
are two used injection bottles, on old Kill 
pen refill . cycle punctuic repair solution, 
a needle, and o> course sand, You'll 
enjoy making it. But once you've made it 
I can promise you fun in only small leaps 
— of just one minute each (and not in 
hours and days) for what you have made 
h a one-minute sand hout glass. 

Sand hour glasses arc more archaic 
than even vintage grandfather clocks. 

But like windmills of a bygone age, they 
still retain a charm because of their 
utter simplicity of conception. For 
instance, whereas you might not have the 
“puke" of the digital electronic clocks, 
you can actually see time slip by through 
the transparent belly of the sand hour 

glass- 

Soak two used injection bottles in 


E VEN IF you own a sleek electronic 
wrist watch, the innate simplicity of h 
sand hour glass might charm you. For 
despite the neat and sophisticated 
gadget ry of the electronic watch — what 
with day, date, alarm, stopwatch, cal 
culator and what not all stacked in a plas- 
tic sheath, it is still mystifying Its like a 
black box, the exterior giving no clues to 
the working of Ihe innards. And what if it 
conks out? Well, you can’t do a thing 
apart from gaping at this marvel of mod- 
em technology with bemused amaze- 
ment. You’ll have to take it to a 
'•specialist’’ — an electronic whiz kid for 
repairs. And you'll discover to your dis- 
may thut the cost of “repairs more than 
the cost of the actual tick-lock (sorry, 
there electronic ones are born heartless) 
How about making a sand hour glass 
ot your own ? It's very simple and easy to 


water. After a while, when the glue has 
loosened, remove the labels. Clean and 
dry the injection bottles and their rubber 
caps. 

Apply cycle puncture repair solution 
on the flat sides of the two injection bot- 
tle caps, and stick -them back-to-back. 
Make a hole through the centre of these 
caps with the heljvof a ha bool thorn, or a 
needle (the point of the dividers or the 
compass of your geometry box will serve 
adequately). Insert a small (about half a 
centimetre k>ng) piece of used plastic 
hall pen refill tube in the hole between 
the rubber cap®. Ensure that the ball pen 
tube does not jut out and is flush with the 
trough levels of ite rubber caps The 
piece of refill provides a smooth and 
uniform bore for the sand to slip 

through. 

Now fill fine dry sand in one of the 

injection bottles. II Ihe sand ts coarse. 

sieve it using a suitable piece of cloth. 
Sea sand is excellent. Assemble the rub- 
ber caps and the empty injection bottle 
on top. The final assembly resembles a 
dumbcll of sorts On inverting, .sand 
from the top Kittle trickles down into the 
lower bottle through the “neck" of the 
hall pen refill lube. l ime your sand hour 
glass with the help of an actual clock 
adjusting the amount of sand to give a 
round figure in lull minutes. With a bit of 
care you can have your sand hour glass 
measure a minute with an accuracy of 
plus or minus two seconds. 

This sand hour glass provides a handy 
reference for one minuic. Village health 
workers could use it for counting the 
pulse beat of patients in one minute. 
What are the things you could do in a 
minute ? Now you can count with a sand- 
hour glass how many times you breathe in 

one minute, how many steps you nor- 
mally walk in one minute, how many 
oscillations a pendulum (a stone tied to a 
string) makes in one minute and how the 
number of oscillations per minute varies 
with the length of the string. And you 
can always use the sand hour glass as a 
timer to time your friends while playing 
chess, scrabble, boggle, or other games. 


ARVIND GUPTA 

Mr Gupta is with the Peopled Science Move- 
ment, Maharashtra. 



Measure 
your hand- 
span 


LITTLE SCIE NCE 

Rules of thumb 


I hcrc are some easy ways ol measuring 

using everyday objects. The secret here, 
however, is that these objects arc stan- 
dardized against known mcausres. There 
arc several thumb rules for this. 

Thumb rules are ready reckoners 

which enahle you to compare and 
crosscheck your estimates with case. One 
such ready reckoner is the matchbox, a 
low - cost universally available item of 
everyday useage. Millions of matchboxes 
are manufactured per day in factories, 
because the matchbox is mas* produced 
and factory made, its size and dimensions 
conform to certain standards. The same is 
true ol many other objects in daily use. 
l-et's discover some fascinating facets of 

this most familiar cuboid-the matchbox. 

The length of a matchbox is always 5 
cm (2 inches) and so it can be used tor 
estimating length. The length of six 
matchboxes kept end-to-end equals 30 
cm or almost one foot. Some other 
ubjccts can also be used as good estimates 
for measurement of length. The post- 
card . lor instance, is always 14 cm long 
and 9 cm bioad. A ballpen plastic refill 
tube has an outer diameter of 3 mm. 
Matchsticks have u square cross-section. 


tach side ot this square measures 2 mm. 
Normal bicycle spokes are 30 cm (or one 
foot) long. Normal bricks arc 9 inch long 
(22.03 cm) Coins have standard dimen- 
sions. They can be used as fairly accurate 
measures to estimate length. 

Thus even if you don’t haw a ruler ai 
hand, you cun always use some match- 
boxes. coins etc to estimate length 

Try to guess lengths by looking at the 
object. Before measuring, first make a 
mental estimate of the length of the 
object. Then measure it cither with a 
scale or with some improvised thing 

whose length you already know. Com 
pare the difference between your guess 
and the actual measured length. This way 
you cun refine your estimations; you can 
even use your hand. You could, measure 
the length of your handspan and use it 
for approximating different lengths. And 
now, one lor the road. How much dis- 
tance do yon cover in one step while 
walking? You can use this estimate for 

approximating long distances like how far 
is it from the bus stop to your house. 

A matchbox has three distinct sui faces 
— the label surface (A), the strike surface 
(B) and ihc drawer surface (C). Why is 


T HF.RF’S THIS story of a village 
mother-in-law who had three 
daughters- in- law. And like most folk lore 
mothers in-law, this one also took life 
easy, assigning chores to the younger 
women. And the chores were distributed 
among the three quit: fairly. Only in dire 
circumstances did the mother -tn-law 
share their burden. 

The task of cooking was assigned to the 
petite dainty daughter-in-law. One day. 

while the lady in charge of the kitchen 
was away visiting her parents, a hoatd of 
guests dropped in and it fell to the 
youngest daughter-in-law to cook for 

them. On instructions from the lady of 
the house, she added two handfuls of salt 
to the curry. It became uneatable — just 
too salty. Thinking that she had done it 
out of spite, the old lady assigned the job 
to the other daughter-in-law the next day . 
The result was even worse. Meanwhile, 
the petite one returned and condition* 
improved. 

After the guests had left, the mother- 
in-law. admonished the two awful cooks 
But they pleaded “We only followed your 
instructions". They had. So what exactly 
went wrong. 'The answer's simple: the 
amount of salt in the "handful” of the 
three young women varied greatly. 
Maybe the story's an exaggeration, but 
don't folklores thrive on that? 

If you visit villages even today mea- 
surements arc done by approximate 
means. A villager many check the length 
of a piece of cloth by stretching it from the 
lip of her nose to t he end of her extended 
hand or from the tip of her finger till her 
elbow. .•small lengths, might be told as 
number of finger breadths; weights may- 
be told in the form of "as much as that 
vessel filled with water', a house, field or 
a depth of a pond etc may he described a* 
“so many man lengths, or bullock 
lengths”. 

Measures have been used loosefy and 
where there has been no need for high 
accuracy they have served a purpose. 
Why, a friend in Bombay who had bought 
a new flat described it to be thus " I wenty 
persons can at comfortably in the living 
room so you can judge ils area"; I was 
foxed hut my other friend, also from 
Bombay, seemed to understand it per- 
fectly. 

When one uses such subjective forms 
of measurements there is always the 

danger of errors. So one has to be a little 
more specific. That's where standardized 
measures come in. One square cni is the 
same no matter who marks it 

But one can't always curry around a 
measuring device; some people do. 
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pat mid points between these graduations 
to indicate 10 ml difference marks. This 
graduated bottle becomes a measuring 
cylinder for liquids. If you fill the bottle 
up to the 100 ml mark, aud then pour it 
out in a bucket and repeat it ten times, 
you can have a measure for 1,000 ml or 
one litre. (A milk bottle generally holds 
500 ml (V> litre) of liquid 

Make a simple balance using leaf cups 
or boot polish tins for the pans. Hie pans 
can be suspended with strings and then 
hung on either side of a uniform stick. 
Ensure that the balance point is equidis- 
tant front the two pans. Only then will the 
balance weigh truly. If the beam isn’t 
properly balanced, gently pour sand in 
the raised pan until the beam becomes 
horizontal. Now, keep a matchbox 
drawer on each of the pans. As the draw- 
ers have the same weight the beam will 
remain balanced. Fill the left hand 
drawer with water up to the brim. You 
already know that the drawer holds 20 ml 
of water. And 1 ml of water weights 1 g — 
the density of w$tcr. So, 20 ml of water 
will weigh 20g. It amounts to putting a 2(lg 
weight in the left hand pan. Place an 
appropriate length of any junk wire in the 
rght hand pan to balance the beam This 
wire sliall now weigh 20g. Straighten out 
the wire and cut it into half and quarter 
lengths to make lflg and 5g weights You 
can similarly make 50 g and other 
weights. 

We all carry standard weights in the 
form of coins in out pocket. You must 
often have seen shopkeepers using coins 
to weigh small quantities of material. The 
approximate weight.' of some of the coins 
are: 

One rupee coin (old) 8 g 

One rupee coin (new) 6 g 

50 paise coin 5 g 

25 paise coin 2.5 g 

5 paise coin (aluminium) 1 .5 g 

Thus two, twenty-five paise coins equals 
a fifty paise coin not only in monetary 
value, but also in weight This is a very 
interesting relationship. 

A sealed, brand new matchbox is a 
good estimate for 10 g; SOunhuml match- 
sticks weigh approximately 5 g Thus, 10 
matchsticks arc a good estimate for 1 g, 
and one single unburnt matchstick a very 
good estimate for 0.1 g. 

After having learnt to make measuring 
devices and measure, you arc probably 
on the right way of thinking quantita- 
tively. And to think of it we still 
have measures like Manday — the work a 
man can do in one day. 


Water 


ARVIND GUPTA 


Mr Gupta, an electrical engineer, iiai been 
involved with Profile's Science Movements. At 
present he is on a US I fellowship writing a 
book on matchstick meccano and other science 
experiments. 


August 66 Science Age 77 


(A) bigger than (13), when both of them 
share a common length? Why is (B) big- 
ger than (C), when both of them share a 
common breadth? Area dependson both 
length and breadth, and a change in 
either of these dimensions will lead to a 
change in area. 

How can you find the area of the 
matchbox shell in which the drawer fits? 
One simple way. of course, is to measure 

the length and breadth and then to multi 
ply them. There is, however, a very 
interesting way of finding the area of the 
matchbox shell. You've just seen that the 
cross-section of matchsticks is 2 mm x 2 
mm Matchsticks can be used as standard 
"bricks”, for measuring area. Pack Ixirnt 
matchstick “bricks” in the outer shell of a 
matchbox, to construct a wall The area 
of each ""brick” is a standard and is 
already known. By counting the total 
number of matchstick ' bricks” used, you 

can estimate the area of the matchbox 

shell. A large area is composed of many 
small areas. Obvious, isn’t it? 

But why is it useful to know that? Well, 
if you know the aiea of a unit component, 
you could calculate the area of the whole. 
For example, by counting the tiles in a 
| room you oauld tell its area. And in ease 
| of an irregular shape, you could divide up 


the spocc into easily measurable dimen- 
sions and add up the areas of several bits 
to get the area of the whole. 

Tile two dimensional graph is an 
abstraction. But the square matchsticks 

snugged together in the matchbox shell 
can give a concrete feel of the graph 
paper. 

Dip a little cotton ball in oil and rub it 
on the matchbox drawer. Soon the wood 
and the paper of the matchbox drawer 
will absorb the oil Dry the drawer in the 
sun. By oiling, the drawer becomes 
waterproof. This drawer when filled 
with water holds approximately 20 mil- 
lilitres (ml) of water. (The drawers’ 
capacity is a good estimate for measuring 
20 ml.) You can use this as a rough stan- 
dard far measuring volume. To make a 
volume measuring device stick a thin stnp 
of white paper alon* the length of a bot- 
tle. (It would be nk:c if you could get a tall 
thin bottle of more or less uniform diame- 
ter. ) Now . fill up a matchbox drawer level 
full with water and pour it in the bottle. 
Indicate the watei level in the bottle by 
marking a line on the paper. This line 
becomes the 20 ml mark. Add more 
draweis full of water in the bottle, each 
time marking the levels: 40 ml, 60 ml, 80 
nil, 100 ml etc on the paper strip. You can 
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Perfect matcn(es) 

N ATURE IS replete with symmetry Once again, place the mirror on Fig 8 to 

The human body, the wings of a but get all the different patterns shown in Fie 


terfly, the markings on a beetle's hack, 
the vein patterns on leaves, etc are 
symmetrical in nature. In each cu.sc one 
half can be folded over the other to match 
exactly. The fold represents the line of 
symmetry. For instance, when a butterfly 
folds its win's they match exactly, the 
axis of symmetry being the length of the 
butterfly’s body. That is bilateral 
symmetry. 



Cut an old post card into halt along its 
length. Put it on a laigc piece of paper and 
push a pin or a thorn through one corner 
Put it straight on the paper and draw a line 
around it. Now, turn itaquarterand draw 
around it again (Fig I) Give it another 
quarter turn, and another — drawing 
around it each lime (Fig ZK 

Next, cut a triangle in the rectangle and 
outline the cut-out, but this time you'll 
have to draw inside the tnangular hole 
instead of around the whole paper. Re- 
peat the process by rotating the caid. 
I hen cut some other shape, say a circle, 
and rotate the paper and draw to make 
a new pattern (Fig 3). 

Fold a piece of paper in half. Cut shapes 
around its edges. Then open it to see the 
pattern you have made (Fig 4) 

You can use leaves loo for this purpose 

and invent lots of new shapes (hip 5). 

If you have a mirror, even a broken one 
with one straight edge, draw a shape and 
put the mirror bcsxlc it so that the shape 
doubles itself in the mirror (Fig 6). 

Some leaves, especially compound 
leaves, look as if they have been doubled 
in a mirror. ( Fig ?). 

Place the straight edge of the mirror on 
Fig 8. Slide and turn the mirror to sec the 
patterns change. Now orient the mirror 
on Fig 8 in such a way so that you can sec 
the patterns that match with Fig 9. Notice 
(hat you have made the circles disappear 

and that you can now see four crosses. 

Again place the mirror on Fig d so that 
you can see a pattern that matches with 

Fig ID. Is your mirror on a vertical line 
facing to the right? 

Once again, place the mirror on Fig 8 to 
get Fig I I. Notice that you hud to face the 
mi riot to the left 


12 . 



Now place your mirror in different 
orientations on the MirrorMustcr(Fig 111 
and try and get all the patterns, or at least 
as manv as you can. You’ll be able to get 
most of them Rut siwne of the patterns 
have been given to trick you, tlicy arc not 
merely difficult to get: they are impossi- 
ble. Can you locate the impossibles? 

Do the same with the mirror master in 
Fig 14. And if you have cpjoyed these 
mirror puzzles, why not make some of 
your own? 
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MIRROR MASTER 


Try looking for symmetries. You’ll find 

them everywhere — even in the alphabets 

and numerals Which alphabets have no 
lines of symmetry? Which have one? 

Two? hind the alphabets in SCIENCE 
AGE which have at least one line of 
symmetry. When you have done this and 
would like to learn more tricks you can 
refer to these two books: Preparation for 

Understanding by Keith Warren and The 


Mirror Puzzle Book by Marion Walter . 

You must have seen that some shapes 
have more than one lines of symmetry. 
Some have none. A square has four lines 
of symmetry. Place the mirror on each ol 
the four lines and see how the square re- 
mains unchanged. Can you place the mir- 
ror to make squares of different sires? 

On the other hand, any line which pas- 
ses through the centre of a circle is a line 


of symmetry, but can you place the mirror 
to make different sized circles? 

ARVIND GUPTA 

Mr Gupta u an HT- Kanpur fatned engineer. 
He Has t>een associated nun set era! educational 
ard development groups and has written and 
translated many popular science hooks and 
articles. 
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L 

A pump from 
the dump 


S OM LI MINUS AKb better learnt by 

doing by making a simple model 
and seeing it actually work. Take, fur ex- 
ample. the simple hand pump the princi- 
ple of which we learn at school. How a 
simple handpump operates is still an enig- 
ma lo many. For the average villager, the 
handpump is an important machine for 
quenching thirst With nr* piped water in 
most villages, the handpump still remains 
the mainstay of potable water for the 
majoriiy of our people 
Here is a simple way of making a sturd) 
handpump. All you need will he a few 
odds and assemble them together into this 
working model of the handpump. This will 
be a good way to test out the validity of 
the principles of the handpump in actual 
practice. With each reciprocation of the 
piston. water will leap out in large gushes 
and delight you no end. 


Some odds-and-blts 

As with most hand pumps this one too 
consists of a cylinder and piston assembly 
aiul two valves — one for the suction and 
the other for the delivery. But before you 
jump at the pump you'll have to collect a 
few odds-and-bits which will go into mak- 
ing its different parts. You’ll need a bot- 
tle, an old milk hag. a cycle wheel spoke, a 
ball pen. a bottle cap. cycle puncture solu- 
tion. an old chappal. scissors, a knife and 
a needle 


The cylinder 

In theory, any pipe-like object wilh a 
circular and uniform cross-scctron could 
serve the purpose of a cylinder. Lor inst- 
ance. :> broken test-tube could serve ade- 
quately. It has the advantage of being' 
clearly transparent, so that you can have a 
good look at the opening and closing of 
the valves. But a test-tube is likely to 
hreak and since its sharp edges can gash 
your skin, it has to be discarded. Your 
best bet would be a cylindrical plastic bot- 
tle (preferably transparent l with a cap — 
which either screws on. or snaps into, the 
top You can easily find an empty medi- 
cine bottle to make a suitable cylinder. 
I he bottle should have a bore between 2 
to 4 cm and a height between 4 to 8 cm. Of 
course, the greater the bore and the 
height, the larger will be the capacity of 
the cylinder. Consequently, it will pump 
out a larger amount of water with each 

stroke. 


I myself used a transparent plastic bot- 
tle which houses 35 mm colour film roll for 
the cylinder. Its great advantage is its 
semi-transparency, which enables one to 
have n peck at the valves in operation. In 

the pump this bottle will he used in the 
upside-down position, with the black, 
snap-on cap at tire bollom. 


The piston 

The piston is made out of 3 to 5 rum 
thick rubber sole of a shoe or chappal A 
uniform section of u used rubber chappal 
would be quite suitable. First, mark a cir- 
cle on the rubber sheet equal in si/e to the 
internal diameter of the bottle. Then cut 
out the circular piston either with a pan of 
scissors or a sharp knife. The rim of the 
circular rubber piston is sandpapered until 
it fils snugly into the cylinder. 

Mukc a hole in the centre of this piston 
with a divider point. A 15 cm long cycle 

wheel spoke is inserted through this hole, 
the head ol the cycle spoke sits at the bot- 
tom of the piston and prevents the rubber 
piston from slipping out. The cycle spoke 
becomes ihe rod ol the pump and enables 
one to reciprocate the piston 


'] his hole need not he circular in shape A 
plastic bag flap (made from a used milk 

bag) is stuck with a water insoluble adhe- 
sive (cycle puncture (rubber) solution or 
Fcvibond) on one side of this hole. The 
flap adheres to one side but is tree to open 
and close the hole This delivery valve is 
located on top of the piston. 


The suction-valve 

A H mm hole is made in the centre of 
the black cap. cither by using a shoemak- 
er's punch, or else by chain drilling mak- 
ing a series of holes on the 8-mm circle 
with a hot pin and icmosing the central 
plastic core A milk bag llap is stuck to 
one side of this hole using a rubber solu- 
tion. on the inside surface of the black* 
cap. The plastic bag strip acts as "flap 
valve", opening and closing the hole thus 
enabling water flow in one direction only. 


The pump-base 

The suction-valve cannot he kept in 
direct contact with the base of the watci 
reservoir, for the simple reason that the 
reservoir base will cover the suction hole 



Sharp ball pen 
outer shell 


Bicycle spoke 


Rubber cap as gasket 
& support for spoke 
& delivery outlet 
Spoko fixed from below 

Piston from shoe 

rubber with circular 

hole. Plastic (milk bag! 

flap valve Icyce puncture solution) 

Delivery valve 

Suction valve (milk bag plastic) 
at centre of film box cap. 

Base from ordinary bottle 
cap with holes for water inflow 


Th« delivery -valve 

A fi mm hole is made between the cycle 

spoke arvd the rim or the circular piston. 


and choke any suction ihat occurs. The 
black cap therefore needs to he raised 
above the water base. I propped the pump 
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on a Comlin poster colour bottle cap. and 
provided three holes on its side lor Iree 
suction This cap ako provides a sturdy 
base for the pump. 


Operation 

Within a couple ol up-and-down strokes 

of ihe piston, water will gush out with 
great force from the delivery pipe To 
understand its operation lei us consider 
the piston at its bottom most position. As 
the piston is pulled up la partial vacuum is 
created in the chamber, because of which 
the suction-valve opens and sucks up wa- 
ter from the reservoir All this while the 

delivery-salve (on top of the piston) re- 
mains dosed. This continues throughout 
the upward stroke of the piston 

On the downward stroke of the pkton 
tl»e suction valve is closed shut Ihe 
delivery -valve on the piston opens and 
allows the water to get stored above the 
piston. 

On the next upward stroke, the water 
trapped above the piston gushes out 
through the delivery pipe, as the delivery- 
valve remains closed. Simultaneously, the 
suction valve opens and allows water to be 

sucked up from ihe reservoir. The valves 
open and close like a fish's gills and cun be 
observed clearly through the transparent 
bottle. They give a very good feel of how 
valves operate. 

In this model you have got to recipro- 
cute the cycle spoke to pump out water. 
Can you attach a fork and a handle In 
make it look like an actual handpump? 


Assembly 

A small hole is made in the centre of the 
plastic bottle to enable ihe spoke to pass 
through. Another 5-mm liolc is made on 
the base of the bottle near Ihe edge lor the 


Pumping up ih *> liquid 

water outlet. A 8 mm thick rubber sale of 
a shoe is cut to fit the circular base of the 
plastic bottle. A hole is made in this rub 
ber gasket to enable the spoke to come 
out. Another hole is made corresponding 
to the water outlet. This rubber is now 
stuck with cycle puncture solution on the 
external surface of the bottle base. This 
rubber acts as o support for the cycle 

spoke and also pie vents leakage. A 
broken ball-pen outer case can now be in- 
serted in the tubbci liolc corresponding to 
the water outlet. This will be the delivery 

pipc. 

Now insert the cycle spoke pision deliv- 
ery valve assembly into the cylinder The 
cycle spoke will come out of the rubber 
lop. Snap on the bottle cover. Both suc- 
tion and delivery valves will open up- 
wards. Screw on the delivery pipe. Place 
the pump on its base, and lower the whole 
assembly in a reservoir of water. 


ARVIND GUPTA 


Sir Git pin it tin II T-Kanpnr trained engineer. 
He Im been Min iated n ub ur end tduealmul 
and development groups and has irtinshletl 
w ritten many popular science book) am! nnules 


Vie liquid enters through the holm in ihe bate, 
is raised by the piston nnd orerflom through 
'he tube made of the ball-pen body 
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centre of the Earth than the upper, so the 
lower portion is more strongly under the 
gravitational influence The centre of 
gravity is consequently slightly below the 
centre of mass. 

The centre of mass of a regular shaped 
body can be found by maiking its geomet- 
ric centre. For instance, you can find the 
centre of mass of a steel thali or a book by 
trying to balance it on the Up of your fin- 
ger. You can find the centre of mass of an 
irregular shaped body by hanging it with a 
plumb bob from various points. In each 
case the centre of gravity of the object will 
orient itself with the minimum potential 
energy on a vertical line below the support 
point (Fig 1). The intersecting point of 
these vertical lines will give the centre of 
mass. 


W HAT DECIDES the height of a rail- 
ing of a terrace or balcony? The rail- 
ing should be slightly higher than the 
navel level of an average adult. This is 
because the navel represents the approxi- 
mate centre of mass of the human body. 
So, if by chance, an adult leans over the 
railing, he is unlikely to tip over and fall 
down. Children are unlikely to fall, unless 
they arc up to some pranks, because the 
railing height would be far above their 
navel level. 

But what is the centre of mass? Though 
a man has his weight distributed over his 
hands, legs, head and various other 
organs, nevertheless, it can be shown that 
in some ways all real bodies behave as if 
their mass were concentrated at a single 
point. Ihis point is the centre of mass. 
When a body is symmetrical in shape, and 
when it is either uniform in dcnsilv 01 has 
a density that changes in a symmetrical 
fashion, the centre of mass b at the 
geometrical centre of the body. For inst- 
ance. the Earth u essentially a spherical 
body; while it is not uniformly dense, it is 

most dense at the centre, and this density 

falk off equally in all directions as one 
approaches the surface. The Earth's cen- 
tre of mass therefore coincides with its 
geometric centre, and it is towards that 
centre that the force of gravity is directed. 

Now suppose that a body is falling to- 
wards the Earth. Every particle of the 
body is being pulled by the force of grav- 
ity. but the hody behaves as if all that 
force is concentrated at one point within 
the body; that point is the centre of grav- 
ity. In a uniform gravitational field, the 
centre of gravity would be identical with 
the centre of mass. However, the lower 
portion of the body is usally closer to the 


plain the tipping? As long as the centre of 
gravity is located directly over some por- 
tion of the original base, the effect of the 
gravitational pull is to move the brick back 
upon that base once the tipping force is 
removed. If the brick is tipped so much 
that centre of gravity is located outside the 
original base, then the brick tips over. 
Naturally, the wider the base in compari- 
son with the height of the centre of grav- 
ity. the more stable the body. A brick rest- 
ing on its broadest base is more stable 
than one resting on its narrowest base. 

Thus, a cone can he stable on its base, 
have neutral stability Oit-iUvsidc, and be 
unstable on its point (Fig 3). A sphere has 
neutral stability in all positions 


Centre of gravity of a potato 

Tic a string around a potato so that it 
can be hung in several positions. After 
suspending the potato, stick a pin into it at 
the bottom along the support line. Hang 


Motion of the centre of mass 


Take a wooden blo^k and drill two 
holes in it so that two sketch pens can be 
inserted. One hole passes through the cen- 


the potato in several different positions 
and stick a pin in each position. All the 

pins will point to the centre of gravity 
(Fig 2). 


tre of mass of the block and the other is to 
one side. Plate the block on a large sheet 
of paper and give it a sharp off-centre 
blow with a hammer. The pen trace con- 
nected with the centre of mass will be 
a straight line, while the other trace will 
move about this line (Fig 4). 


Stability 

Tlic concept of the centre of gravity is 
useful in considering the stability of 
bodies. Imagine a brick resting on its nar- 
rowest have. If it is lipped slightly and 
then released, it drops hack to its original 
position. If it is tipped somewhat more 
and then released, it drops back again. As 
it is tipped more and more, there comes a 
point when it tips over. I low docs one cx- 


Rolling uphill 

For this you will require a double cone 
— two cones back-to-back and a V 
shaped rail system such that the open end 
of the V is higher than the closed end 
Take two similar sized plastic funnels and 
place their broad ends together. Weave a 
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SCIENCE ON STAMPS 


Balloon flights 


T IIE HUMAN mind hus always associ- 
ated flying with freedom and power. 
The mythologies of many ancient civiliza- 
tion* include gods and other mythical 
beings wim the wings of birds History is 
;c|ilctc with examples of men trying to 
soar into the skies, but the first one to 
seriously consider tSc problem is perhaps 
th-i great Renaissance figure. Leonardo 
da Vinci, whose notebooks reveal detailed 
sketches of flying machines similar to to- 
day’s helicopters. 

the first attempts to actually fly were 
made with hot air balloons. In I7R3. the 


rubber band or a eyrie valve tube through 
the funnels. Stretch the rubber band and 
rie a knot at both the ends. The Uut rub- 
ber band wd| keep the funnels back-to- 
back. making a double cone assembly. For 
making the rail take two pieces of card- 
board approximately 25 cm long. Therr 
width should taper front 7 cm ai the higher 
end tc 5 cm ai the lower end Iheir lower 
ends are joined and a matchbox is wedged 
between them to give a V-shaped ramp 
(F.gS) 


AftVIND GUPTA 


Hr Gupta, an I IT Karpur trailed engineer, has 
doeloped diopters <,n machines and structural 
for experiment-based sdtna Kochitg in rural 
schools. He has been associated *ith several 
educaaonal ana development groups and lias 
translated/ wriaen mans populer science books 
ana articles in Hindi 


loured modern-day hot air balloons m 
flight. And the vertical stamp ;o the light 
depicts Expltver-ll, a balloon used jointly 
hy ihe National Geographic Society and 
the US Army for scientific research 

The Brazilian stamp shows an ascending 
balloon enveloped in a dream-like atmos- 
phere. with a blue sky. white clouds and a 
rainbow going into a second piane in 
black and white. This guperimp.tsition of 
planes accentuates not just the balloon's 
great beauty, but also its importance as a 
pioneer in the conquest of space. 

Interest in ballooning as a sport in- 
creased greatly when James Ckirdon Ben- 
nett (IK4 1-1916) offered a trophy usd a 
substantial sum of money as a prize to the 
winner of an annual lone-distance race. 


Montgolfier brothers. Jacques and Etien- 
ne. launched the first unmanned balloon 
flight in history The first manned Eight 
took place soon after, on 21 November of 
•bar year. Two hundred years later, in 
I^HJ. seveial countries, including Brazl. 
Poland. USA. India and Cuba, com- 
memorated this event hy issuing a number 
of colourful stumps depicting thc.T own 
attempts in flying in the >k>. 

Among the block of tour stamps of 
USA. the vertical stamp at the left depicts 
the hot air balloon. Intrepid. It was us^d 
for aerial surveillance by the Union army 
during the American civil wu.- (iw»lj 
ihaddeus Lowe manned the balloon, giv- 
ing progress reports to President Abra- 
ham Lincoln at 1 5-minute intervals. The 
two horizontal designs depict 1 ? multico 


Poland released sir colourful -.tumps in 
one block :n order to popularize the sport, 
with special attention being paid to the 
country's success in competitions lor Gor- 
don Bennett* Cup. 

Ballooning in India bcgi.v\ as early us in 
IHI7. However . «he Ballooning Club of 
India was founded only in 197V The coun- 
try. too. commemorated the first balloon 
flight by i,suing two special postage 
stamps. The IINIpstamp features (he firs' 

Indian-built hot air balloon. Udan Khato- 
la. flying over the l a; Mahal. The oilier 
stamp <2(K»p) depicts the first Montgolfier 
balloon. 


KABlTA ROY 

Ms Key is mi umalrue /rhi/metisi /nan ( 'tic tan i 


Any cylindrical object, say a pencil, 
placed on the higher end of this indinc 
rolls downhill as should be expected. 
However, when you place me double cone 
on the lower end of the ramp if tends to 
climb uphill — an apparent paradox . This 
peculiar behaviour can however be logi- 
cally explained. A double cone is cut at an 
angle so that as tbc cone rolls on the rails 
fcs centre of mass is lowered. The double 
cone will roll uphill if the centre of mass is 
lowered faster than the raft system can 
raiw it. 
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1 LITTLE SCIENCE | — 

Learning from soap bubbles 



It would appear then, the reason 
which we always give is not exactly 
correct. Tim experiment which re- 
quires nothing more than a brush 
and a glass of water shows us that 
the hair* of a brush cling together 
not only because they are wet. hut 
for some other reason as well 
which we do not yet know. This 
experiment, though it has not ex- 
actly explained why the hairs cling 
together, has at any rate told us that 
the reason always given is not 
sufficient. 

Try another experiment as sim- 
ple as the last. I have a pipe from 
which water is dropping very 
slowly, hut it does not fall away 
continuously; a drop forms which 
grows slowly until it ha.' attained a 
certain definite size. and then it 
suddenly falls away. Notice that 
every time this happens the drop is 
always* exactly the same size and 
shape. Now this cannot he mere 
chance: there must be some reason 
for the definite si/e. and shape. 


experiment is a question which we 
ask of Nature, which is always 

ready to give a correct answer pro- 
vided we ask properly, that is. pro- 
vided wc arrange a proper experi- 
ment. An experiment is not a con- 
juring trick; its chief object is to 
enable you to sec for yourself what 
the true answers are to the ques- 
tions asked. 

Now let’s perform an experi- 
ment which you have all probably 
tried dozens of times. Take a paint 
brush. If you want to make the 
hairs cling together ami come to a 
point, you wet it. and then you say 
the hairs cling together because the 
brush is wet. When it is dry the 
hairs aie separately visible. After 
dipping it in water and on taking it 
out. the hairs, as we expected, 
cling together. Is it because “they 
are wet ', as we are in the habit of 
saying. I shall now hold the brush 
in the water, but there the hairs do 
not cling at all and vet they surely 
are wet now! Fig. 1 ). 


S oap Hubbles and the Forces 
Which Mould Them is a classic 
of science literature Its author. C 
V Boys, was one of the most col- 
ourful British scientists. Though 
trained in mining and metallurgy, 
lie invented an integrating machine 
and radiomicrometer, did a mono- 
graph on spiders, and devised a 
precision equipment for determin- 
ing the value of the Newtonian con- 
stant of gravitation. In his old aye 
he developed an ardent interest in 
gardening, and. since he was the 
kind of man he was. this led inevit- 
ably to his writing his final book 

Weeds. Weeds. Weeds (mi). When 
he died on 30 March 1944. he held a 
high nlace in science, indeed, but it 
may be safe to predict that he will 
he remembered longest and best 
for the pleasure which thousands of 
readers have found and will find in 
his little gem of a book on soup 
bubbles. The book is a collation of 
three lectures that he delivered be- 
fore a juvenile audience at the 
London' Institution on 30 Decem- 
ber. 1889, and on I and 3 January 
1890. 

It is possible that some of you 
may like to know why I have cho- 
sen soap bubbles as my subject. 
Though there are many subjects 
which might seem to the beginner 
to be more wonderful, more bril- 
liant. or more exciting, there are 
few w hich so directly bear upon the 
things which we sec everyday. You 
cannot pour water from a jug or tea 
from a tea-pot; you cannot do any- 
thing with a liquid of any kind, 
without setting in action the forces 
to which 1 am about to direct your 
attention. Many of the things dis- 
cussed here are so simple that you 
will he able without any apparatus 
to repeat for yourselves the experi- 
ments described. 

When wc want to find out any- 
thing that we do not know, there 
are two ways of doing il. We may 
either ask somebody else who 
knows, and read what the most 
learned men ha\c written about it. 
which is a very good plan if any- 
body happens to he able to answer 
our question: or else we may adopt 
the other plan — by arranging an 
experiment, try for ourselves. An 
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AN IN'SHCT which can crawl but 
cannot flv is in one corner of tin; 

Cl c - . . .. l 


DIPAN GHOSH 


Solution to last monlh's teaser 

Let there he x cowherdesses 
and y cows so that < + y is a per- 
fect quarc and x + v + v 13 
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Why does the water remain at all? 
It is heavy and ready to fall, but it 
dues not fall; it remains clinging un- 
til it is a certain size, ami then it 
suddenly breaks away, as if what- 
ever held it was not strong enough 
to carry a greater weight. Fig 2 will 
probably suggest the idea that the 
water is hanging suspended in an 
elastic hag. and that the bag breaks 
(or is tom away) when there is too 
great a weight for it to carry. It is 
true that there is no bag at all really, 
yet. the drops- take a shape’ 
which suggests an elastic bag. 

Let us see how this fits. the first 
experiment with the brush. That 
showed that the hairs do not cling 
together simply because they are 
wet; it is necessary also that the 
brush should be taken out of the 
water, or in other words it is ncccs 
sarv that the surface or the skin of 
the water should be present to bind 
the hairs together. If then we sup- 

K >se that the surface of the water is 
;c an clastic skin, then both the 
experiments with the wet brush 
and with the water drop will be 
explained. 

Now dip into die water a very 
narrow glass pipe, and immediately 
the water rushes up and stands half 
an inch above the general level. 
The tube inside is wet. The elastic 
skin of the water is therefore 
attached to the tithe, and goes on 
pulling up the water until the 
weight of the water raised above 
the general level is equal to the 
force exerted by the skin. If I toko a 
tube twice as big. then this pulling 
action which is going on all round 
the tube will cause it to lift twice the 
weight of water, but this will not 
make the water rise twice as high, 
because the larger tube holds so 
much more water for agrven length 
than the smaller tube. It will not 
even pull it up as high as it did in the 


case of the smaller tube, because if 
it were pulled up as high . the weight 
of the water raised would in this 
Case he four times as great, and not 
only twice us great, as you might at 
first think. It will therefore only 
raise the water in the larger tube to 
half the height, and now that the 
two tubes are side by side you see 
the water in the smaller tube stand- 
ing twice as high as it docs in the 
larger tube. In the same way. if I 
were to toke'a tube as line as a hair 
the water will gryup ever so much 
higher. It is for this reason that this 
is called capillaritv (comes from 
the Latin word captllus, a hair) be- 
cause the action is so marked in a 
tube the size of a hair. 

Supposing now you had a great 
number of tubes of all sizes ( Fig 3) 
and placed them in a row with the 
smallest on one side and all the 
others in the order of their sizes, 
then it is evident that the water 
would rise highest in the smallest 
tube and less and less high in each 
tube in the row until when you 
Came to a very large tube you 
would not be able to see that the 
water was raised at all. You can 
very easily obtain the same kind of 
effect by simply taking two square 
pieces of window glass and placing 
them face to face with a common 
match or small fragment of any- 
thing to keep them apart along one 
edge while they meet together 

along the opposite edge, a rubber 

band w ill hold them in this position. 
Take this pair of plates and stand 
them in a dish of coloured water, 
and you will at once see that the 
water creeps up to the top of the 
plates on the edge where they 
meet, and as the distance between 
the plates gradually increases, so 
the height to which the water rises 
gets less, and the result is that the 

surface of the liquid forms a beauti- 


ful regular curve which is called by 
mathematicians a rectangular 
hyperbola (big 4). The hyperbola is 
formed because the width bet- 
ween the plates gets greater, the 
height gets less. or. what comes to 
the same thing, because the weight 
of liquid pulled up at any small part 
of the curve is always the same. 

And a soap bubble remains a 
bubble because of these very 
forces. 

ARVIND GUPTA 

Mr Gupta, an I IT trained engineer, has 
been associated with many educational 
groups. He has written several popular 
science books and articles, especially for 

children . 






Hexagonal 
rotating ring 


E VERY SCHOOL worth its name 
boasts of physics, chemistry and biolo- 
gy labs. But seldom does one hear of a 
maths lab where children can moke and 
play with mathematical models, solve 
puz7les and generally enjoy themselves. 
This is essential. Any person would need a 
variety of concrete experiences before he 

can begin to grasp abstractions When the 
dreary school maths curriculum loads and 
goads young minds with abstruse mathe- 
matical abstractions, it creates a distaste 
foi mathematics. 

Early mathematics began with practice. 
It was used to solve practical problems in 
daily life. The first mathematicians were 
practical men — carpenters and builders. 
This fact has left its deep imprint on the 
very vocabulary of mathematics, For inst- 
ance, what is a “straight line"? If you look 
up “straight" in the dictionary, you will 
find that it comes from the old English 
word Jor “stretched", while "line” is the 
same word as “linen" or “linen thread '. 
A straight line then is a “stretched-Iinen- 
thread" — as anyone engaged in sowing 
vegetables or laying bricks knows only too 
well. This alone should suffice to show the 
real life links of mathematics. 

Here we look at an enormously enter- 
taining mathematical model. It belongs to 
a broad category called “Hexagons” — so 
called because of their ability to he able to 
flex on their edges. In this model, six 
tetrahedra make a hexagonal ring which 
rotates through its own centre changing 
the pictures on its face as it goes. Mathe- 
matical models arc in a sense applied 
mathematics. They also meet the univer- 
sal human need to play. This one is simply 
irresistible Once you’ve made it you'll 
keep flexing it endlessly. 

How to make It? 

Cut out the ntcxlel (Fig 1) keeping well 
away from the outline. Stick it on a card 
sheet or a old drawing sheet and let it dry. 
Now cut along the outline accurately. 
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IN OUR FORTH COMING 
ISSUES... 


• WILL THERE BE 
ENOUGH FOOD NEXT 
YEAR? 


• HOW AFRICA TACKLED 
ITS FAMINE 


• ‘ SEMIOCHEMICALS” IS 
THE TALK OF THE 
LIVING WORLD 


• THE SUNQUAKES 



Score along all the fold lines both 
dotted and solid. No* fold crease firmly 
using the straight edge or a ruler. Fold 
along the dotted lines away from you, and 
along tire solid lines towards you. Stick 
them with an adhesive in the order 
1, 2,-3. 4 and 5. After glueing flaps 1, 2 


it has. You’ll see that there are two 
positions in each rotation where the out- 
line is a regular hexagon With so much 
symmetry there are u number of ways to 
decorate- this model. You might like to 
experiment further with new models. The 
net is not difficult to draw together with 


• DEFUSING TOXIC 
THREATS 


• SOAP BUBBLES AND 
POSTMEN’S BEATS 


and 3 you’ll get the shape shown in Fig 2. 
Now glue flaps 4 and 5 which go inside and 
complete the ring Using an impact adhe- 
sive like Fcvibond gives better results. 
Allow the model to dry before you start 
flexing it (Fig 3). 


the correct angles and is given in Fig 4. 
Any convenient size and any suitable card 

or drawing sheet will do. So get going on a 
joyous flexing spree. For more details you 
could consult the following books Mathe- 
matical Delight by W W Sawyer and 
Mathematical Curiosities by G Jenkins and 
A Wild. 

ARVIND GUPTA 

Mr Ci up m n an I IT- Kanpur irainrtl engineer 
He has been associated with several educational 
and development groups and has nriiten and 
traslated many popular science books and aru- 


It b interesting to examine this model as 


it turns and to see what type of symmetry dei. 
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LITTLE SCI ENCE 

Thorny tools 


woi k — use it as a dissecting needle. You 'bW/ ' rip'} Vim- Wp'i'lr 

must have heard the common saying, (i ‘k 1 ^ m 

L sc a thorn to pry out another thorn ". Ini; jf/U/tfgw '■ 

We shall extend this idea a little further • _ It f*< TL iv 

Standing on one leg becomes a little T ! ' 

painful after some time. So let s give the 
babool thorn another leg so that it can 
now “walk on two legs' . We take two 

baboo! thorns of equal lengths, and #&*•. ’ ' V 

insert their blunt ends on either side of a (AK'/t 

cycle valve tube piece (about 2cm long). iBl 1 

This flexible joint-of-two almost 

becomes :i set of tweeters VVe insert a Hnhnel \horn od'imlahh divider Iretmcinl) 
lliird babool thorn at right angles to the 
valve tube joint This thorn acts as a stem 
(or purposes ol holding. Now we- slip in a 
piece rtf cycle valve tube on each leg of 
the tweezer and poke a fourth babool 

thorn cross- wise through these valve 
tubes. The addition of this crossbar 
stabilizes the twee/er — which earlier 
It.tsl a tendency of kicking it-, legs apart. 

I he punted end of the holding stem is 
atk?hnred to the centre of the crossbar 
with another piece of valve tube. 

VSuti I wo legs and a crossbar the 
assembly takes the familiar shape of the 
letter “A". The mangle in this “A" 
shaped structure makes it rigid. In the 
article on (Ik* “matchstick mcccanno" 

(SCIENCE AGE Sept .1*83), we have 
learnt that the Triangle is the only rigid 
polygon. 

Ihcsc four babool thorns in the form 


I T WAS a slightly thorny issue. Hut the 

lilt It* girl sorted it out. It happened 
during one of the botanical field trips of 

the Hoshanuabad science teaching prog- 
ramme. While the others kids were busy 
ripping open flowers prying into their 
stamens, stigmas, clc and dissecting 
them, this girl felt a bit left out she had 
forgotten to hung her dissecting needle. 
However, necessity forced her to search 
for a substitute. And soon, site did find 
one. they were strewn around in plenty. 
The girl used a babool (Arana aiabka) 
thorn to do a beautiful dissection of the 
flower. 

There is a moral in tins true story. 
Adults have a lot to learn front kids. 
Children look at the world very diffe- 
rently. and given a little chance, often 
come up with the most original solutions 
Village lields have no barbed wire 

fences. Peasants normally fence their 
fields with the branches of the babool 
tree For babool thorns being sharp and 
stiff constitute excellent defence armour 
against marauding cattle. That's why so 
many small birds specially the hayas 
(weaver birds) who hang retort shaped 
nests, find the babool tree a sale haven 
from big birds of prey. 

Well, the little girl taught us how to 
make a babool thorn do some useful 


Riibool ihnnt ariimlable divider ! vx pun fat! ) 


of two legs, a crossbar and a holding 
stem, assemble together to make a 
divider. The points of this babool thorn 
divider arc even sharper than some of the 
dividers available on the market The 
distance between the two legs of the 
dividet can In- adjusted — that is 
increased or decreased bv sliding them 

on the crossbar. 

This divider can easily be converted 
into an irk compass Take a hall pen 
refill in which the ink is just about to 

finish. Cui the plastic refill at about an 
inch from the hrnss tip and insert it in one 
leg of the divider. You may have to cut 
away the sharp end ol the babool thorn 
in which you insert the refill. You can 
draw inked circles using this compass. 

Children need to learn skills in handl- 
ing tools like scales, dividers, etc. If, 
however, the children arc involved in 
making the tools themselves, they are 
much more at home with them. Children 
use these tools — Hie fruits of their lab- 
our-will) much more respect and rever- 
cncc. Apart from gaining further mas- 
tery and adeptness in using them, chil- 
dren can also repair them if they haveto. 

ARVIND GUPTA 

Mr (input, an electrical mpnetr is tnvolted 
Kith popular science movements. 
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LITTLE SCIFNCF 


How to tackle 


a pulley 

Y OU CAN only -pull* ut a siring, jou 
can't "push" it. For strings work only 
In tension and not in compression. A 
device which changes Hie direction of 
ihis “pull" is culled a pulley Though by 
nature u passive device, a pulley con be 
used 10 advantage to case a lot of hard 
toil. So lets trot over to I he nearest pulley 
to see it in action. 

A well not so well 


n small effort, you don’t care too much 
about how much rope you have to pull. 
The saying that ‘'many hands make light 
work” is best exemplified in movable 
pulleys. 

The man in Fig 1 is in an awkward pos- 
ition to pull. If he had another pulley 
handy, he could use it to change the 
direction of the pull as in Fig 3. Because 
the second pulley is fixed, it merely 
changes the direction of pull, but the 
mechanical advantage of the whole sys- 
tem remains two only. 

Pulleys can be arranged in a number of 
ingenious configurations to gel different 
mechanical advantages for doing diffe- 
rent jobs. 


The results can now be summed up. 
With a single fixed pulley the only advan- 
tage is the change in the direction of the ' 
pull, the mechanical advantage is snll 
one. A single movable pulley gives a 
mechanical advantage of two Many 
combinations of single, double and triple 
pulleys in fixed and movable set ups can 
be rigged up to give greater mechanical 
advantages. 

Cotton reel pulleys 

A reasonably satisfactory pulley can 
lx* made front a wire clothes hanger and 
a cotton reel (see Fig 4( Cut off both 
wires of the hanger at a distance of about 

20 cm from the hook, bend the ends at 


Let s look at a single fixed pulley atop 
a well. Many village wells don't even 
have a creaky pulley And not all is well 
with such a well. For it’s u painful task 
drawing water front a well without a pul- 
ley. 'Ill is is because the pulling-up of the 
rope is a very inconvenient diicction in 
which to exert force. However, with a 
pulley above the well the rope can be 
pulled down at a convenient angle. The 
tack becomes easier in this position 
because a part of the body weight cun be 
gainfully deployed for lifting the bucket 
of water. 

'Hie fixed pulley on the well has 
merely changed the direction of the pull. 
The mechanical advantage is still one. 
Which means that tlx- efforl required in 
this case is at least equal to the weight of 
the pulley . 

Movable pulley 


You can. however, use a single pulley 
to magnify the force you exert This is 
done by having a movable pulley instead 
of a fixed one. Noliee in Fig I that the 
pulley is not fixed, and that the rope is 
doubled as it supports the 100 kg barrel. 

When rigged in this way a single pulley is 
called a runner. Each half of the rope 
carries oik* half of the load or 50 kg. Thus 

by using a movable pulley, a man can lilt 
a 100 barrel with a 50 kg pull. The 
mechanical advantage is two. The single 
movable pulley in this set-up is really a 

second class lever (see Fig 2). Your 

effort F acts upon rhe arm EF which is 
the diameter of the pulley. The icsis- 

tance K acts downwards on the arm FR. 
which is the radius of the pulley. Since 
the diameter is twice the radius, the 
mechanical advantage is two. But. when 
the effort at E moves up two metres, the 
load at R is raised only one metre. That 's 
one? thing to remember about pulleys and 
blocks and tackles — if you're actually 
getting a mechanical advantage Irom a 
system, the length of stnng nr rope that 
passes through your hunds is gicatcr than 
the distance that the load is raised. How- 
ever. because you can lift a big load with 



right angles and slip them through the 
opposite ends of the reel. Adjust the 
wires so that the reel turns easily ami 
then bend the ends down to keep the 
wires from spreading. 

Button pulleys 

Colton reel pulleys arc a trifle heavy 
for doing experiments. An ideal pulley 


should have a zero deadweight— a feat 
impossible to achieve in practice. How- 
ever, you can make very lightweight, 
smooth and efficient pulleys using but- 
tons at a very low cost. Two buttons pul 
back-to-back make the pulley, and a 
paper clip makes the hanger (see Fig 5) 


of a hot needle. Take two such coat but- 
tons and rub their surfaces on the cement 
floor to remove any bum. After mating 
their flat surfaces sew the buttons 
together with a needle and some thread. 
Remember to sew the two buttons in the 
foim of a square. Avoid taking cross 
stitches as they will mask the "centre” of 
llic buttons The two buttons anchored 
back-to-back take on a profile of a pul- 
ley. Now heat the tip of a long needle in a 
candle flame. Insert the hot tip of the 
needle axially through the buttons With 
a little practice you'll be able to make a 
well-aligned and smooth bore. 

The hanger for the pulley is made 
using an ordinary paper clip. Open up a 
paper clip into an S shape. IhR S also 
makes a good hook for suspending 
objects. Bend lioiizonully one leg of the 
S and insert in it the double button pul- 
ley. Insert a small cycle valve tube "stop- 
per" to prevent the pulley fioni slipping 
out. The top kink of the paper clip 
hanger can now be hung by a nail. 

Throe button pulloys 

Fig 6 shows a particular arrangement 
of three button pulleys. Rigged in this 
manner, one new matchbox (weight 
approx ten gm) on the effort side is able 
to lift up five new matchboxes (weight 
approx 50 gm), on the load side. 
Theoretically the mechanical advantage 
of this whole system is seven. But you 
can practically demonstrate a mechanical 
advantage of five. 

Multiple pulloys 
Bigdiameter pulleys can be made 
using large coal buttons. Small pulleys 
are made by using pant button);. Multiple 
and differential diameter pulleys can be 
made by assembling co-axially several 
pulleys Pulley blocks of different sizes 
can be made by assembling button pul- 
leys in ladder-shaped hangers. The long 
members of the ladder hangers are made 
of used plastic ballpen icfilb and the 
steps arc made by inserting paper pins. 
The button pulleys rotate on the pin 
axles (see Fig 7). 

Hutton pulleys are very versatile and 
can be used in scores of physics experi 
ments like equilibrium of forces, bluck- 
and-tacklc trolley on an inclined plane, 
to mention a few. Button pulleys can also 
be mounted on shafts of battery-oper- 
ated toy motors for transmitting drives. 
You'll certainly find many more creative 
applications lor the button pulleys in 
making model cranes and winches. 

ARVIND GUPTA 

Mr Gupta , an electrical engineer, has been 
mvohed with People's Science Movements. At 
present h t is on a Department of Science unJ 
Technology fellowship writing a book on 
matchstick meccano and other science experi- 
ments. 


Take cheap quality plastic coat buttons 
in which you can make a hole with the tip 
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LITTLE SCIENCE 


You'll find it all matches 


A NY MECCANO, even of the most 
expensive son, when snipped of its 
frills and fancies, essentially reduces to a 
few basic building blocks and couplings, 
lhesc basic building Mocks and couplings 
can be joined in a variety of ways to create 
an array of different structures and config- 
urations. 

The matchstick meccano is much more 
versatile and organic than the commercial 
kind It uses matchsticks as the basic struc- 
tural member-' and bits of cydc valve tube 
as lotnts and couplings. Cycle valve tube is 
readily available and is sold by weight in 
cycle shops. A 100 g pocket of valve tube 
costs Rs 5 and contains about 20 metres 
of tubing. 

With valve tube rubber joints to which 
2. T 4. 5. h. matchsticks could be aflixed. 
this meccano provides a great deal of 
design latitude and flexibility in model 
making. 

Though at first sight the models may 
appear fragile, they arc indeed fairly 
strong This is because all the joints arc 
mode of shock absorbent rubber tubing. 
Because ol this property the models 

bounce back when chucked against a wall 


Angle* 

Cut about I cm long pieces of the cydc 
valve tube. With a Wade scrape the sul- 
phur from the niatchstiel heads. Now 
push a matchsiick halfway through the 
valve tube. You’ll find that the matehstick 
end slides snugly inside the valve tube. 
Through the other end of the valve tube 
inscit a second matehstick. 

This is a joint of two matchsticks. or 
simply a joint-of-two It’s a flexible joint 
and can be used for making acute angles, 

right angles and obtuse angles. 

Join three matchsticks and three valve 
tubes in a row. Lsxip this assembly 
together to form a triangle. As the match- 
sticks arc the some length the triangle 
turns out to be equilateral — with all its 
sides equal. All the angles of this triangle 
would automatically be equal and measure 
W) degrees, litis goes a concrete feel fot a 

60 degree angle 

Ollier slid pcs. like isocclcs triangles, 
squares, rectangles, pantagons. hexagons 
und octagons, can be made by joining 
logclltci more matchsticks to more valve 
tube pieces In this way a whole range ol 


polygons can be made. 

Arrange sets ol similar polygons or their 
asm bin at ions into different layouts so as 
to generate new patterns. 

Triangles arc rigid 

Try' pressing a pentagon between your 
thumb and the middle finger. What hap- 
pens? The pentagon caves in. distorting 
from its initial shape. Try doing the same 
thing with the hexagon. The hexagon also 
changes shape. 

Now hold opposite sides of the square 
and try pressing it What happens? The 
square is unable to resist the pressure. Its 
tight angle gives wav and distorts into a 
rhombus. 

Kinally. try pushing the triangle. What 
happens 9 It does not budge at all. Its 
shape remains unaltered. The triangle 
remains a triangle. 

The triangle is ihe only rigid polygon. 

You must have often seen steel girders 
anti beams across railway bridges and river 
streams. The bridge trusses are always 
divided into triangles. What would have 
happened had they been divided into 
squares or pentagons? 

We have just seen how stable and rigid 
the triangle is What can be done to make 
“dancing shapes” like the square rigid? 
Simply divide the square into two triangles 
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by adding on d diagonal element. 

I'o do this simply pictce a long babool 
thorn or a needle (preferably a long one) 
through the diagonal rubber valve tube 
joints of the square. Does the square still 
wobble'? Why? I low will you now convert 
the pentagon and the hexagon into rigid 
shapes? 

Jotnt-of-3 or r -joint 

Pierce a hole in the valve tube joint-of- 
two, by poking it at right angles with a 

t abool (acacia) thorn. Push a third match- 
tick (slightly sharpened at the end) in this 
hole. This is a joint-of-ihrcc, or aT-joitit. 
Take the equilateral triangle which you 
have made earlier. Poke holes in its valve 
tube joints with the baboo! thorn Now 
push the three matchstick legs of the joint 
in the holes of the triangle. For case of 
entry slightly sharpen the ends of the 

matchsticks in the Xjoint. 

A new structure takes birth. It lias four 
corners. 6 edges and 4 distinct surfaces. 
All its surfaces are equilateral triangles. 
Triangles, we have just discovered, are 
rigid shapes. So we can presume that a 
structure made up of equilateral triangles 
should be a rigid structure too. And it 
turns out to he true This structure is called 
the tetrahedron (meaning made up of four 
triangles) and is the most fundamental 
structure found in nature. 


In a similar manner wc can join two 
separate mangles with 3 matchstick legs, 
thereby making a prism. 

Two sepurate squares joined together 
by 4 matchsticks would make a cube. 

You can make many more structures 
using the joint of three. 

Jolnt-of-4 or X joint 

Cut two pieces of valve tube, each about 
2 cm long Push a hahool thorn through 
the hole of one valve tube. The thorn acts 
as a spindle and provides rigidity to the 
rubber valve tube. Now place this thorn at 
right angles to the length of the second 
valve tube and pierce it through its centre. 

Now hold the thojn vertical with its broad 
end resting sin the flopr. Pull both the ends 

of the second valve lube (this stretches its 
hole) and slide it over the first valve tube. 
Now gently remove (lie valve tube cross 
joint from the thorn This is a joint-of- 
four. Fix four matchsticks in thk X-joint. 

Pick up the square which you had made 
earlier. Poke holes in its valve tube joints 
with the help of u babool thorn. Fix the 
four matchsticks legs of the X-joint in 
these holes. 

This new structure is a pyramid. hsupex 
is a joint-of-lour. Make more structures 
like the octahedron using joints-of-four. 
Foi die octahedron you will icquirc 6 
joints-of-four and 12 matchsticks. 


Star joint 

Make a joint-ol-four as described in the 
previous section, hut do not remove it 
from the babool thorn. Like the second 
valve tube, slide a third valve tube 
crosswise over the first. The second and 
the thud valve tubes are now at right ang- 
les to the first. Thus wc get an H shape. 
Insert a small piece of matchstick in any of 
the free legs of the 1 1. Sharpen the ends of 
the matchstick. and weave it through the 
centre of the other leg of the II. After 
removing the babool thorn phase out the 
six legs of the valve tube star so that they 



A geodesic done: an igloo made of triangles 
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H equal pieces of cycle spokes. 

A geodesic dome can be made using 
matchslick mcmbeis and joints of six. This 
kind of dome is basically a triangulated 
hemisphere an igloo made of triangles- 

The beauty of the tetrahedron 

If you had a few marbles how would you 
arrange them so that they occupied the 
least amount of space? 

Well il they were just two you could just 
keep them side bv side. If. however, there 
arc three marbles, you can put then in a 
straight low. But ihis arrangement is 
expensive. The closest pack of three mar- 
bles is when they arc arranged in a 

triangle. 

It turns out that four marbles arc most 
closely packed if the fourth marble is 

placed over ihe valley formed by tire ear- 

A nablf 0 / 1 J efficient packing licr marble triangle. When four marbles 

are arranged in this manner they basically 
make a tetrahedron. 

This close packing nature of tetrahed- 
rons has always been used to advantage by 

working people, long before scientists dis- 
covered it. For instance, fruitsellcrs always 
have their oranges packed in neat tet- 
rahedrons. So are the near spherical lad- 
dus in halwais' shops. 

In the grain market, the btg balances to 
weigh heavy sacks are suspended from the 
top of a bamboo tripod — which is csscn- 
Apart from the triangle there arc only Hally '* tetrahedral structure, 
three other basic structures which arc sta- 
ble. triangulated and symmetrical — the Molecular structures 
tetrahedron, the octahedron and the A number of simple molecular store 
icosahedron. All the stiuctures Dial you lures can also be made using the match- 
have made can themselves he arranged stick valve tube meccano For instance, 
together in different combinations and four marbles can be neatly inserted into 
configurations to generate newer siruc- the tetrahedron. The resulting structure 
tures. For example, when the prism is kept becomes the molecular structure for 
on top of the cube it becomes a house. “methane" — which is the major con- 
Scvcral such combinations will provide st it uent in gobar gas. Ihe chemical symbol 
you with hours of entertainment of methane isCH.,. Here the four atoms of 

For making larger models you can sub- the hydrogen arc at the four apexes of the 
stitute the matchsticks with short and tetrahedron, and the lone carbon sits in 


Pyramid 


Octahedron 


arc approximately 60 degrees apart. For a 
joint-of five, cut short one of the legs of 
the H. 

Using the joint-of-five make an 
icosahedron. For this you will require 12 
joints Of live and 30 malchslicks. See 
whether vott can flip in the pentagonal 
phases of the icosahedron by pressing 
them inside. 


icosahedron 
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Rectrrng structures 


1 Octahedron =A tetrahedrons 


Marblos 


Fruits nocked is a neat tetrahedron 


1 1 xl a he <!• mi 4 tetrahedrons 


tetrahedron (edge length — two match-, 
sticks) is2x2x2-8 times the volume of 
the smaller tetrahedron. Thus the volume 
of the octahedron can be empirically cal- 
culated as8 - (4 x I) = 4. 

Similarly, a cube may he formed by 
placing four 1/8 rxrtahedrons with their 
equilateral faces on tht four triangular 

laces of the tetrahedron. Since, tetrahed- 
ron - 1, and l At octahedron - Vi, the 
fore, the value of a cube is = 1 + (4 x >/2) 
the space between the tour hydrogen = 3. 

atoms. So if the tetrahedron has a volume of 

Similarly other molecular and lattice one. the octahediun has a volume of four, 
structures can be made. and the cube has a volume of three 

nrijK.f h .1 «K ^ at ® vcr ' interesting, because if you 

Octahedron tetrahedron complex uy accounting in cubes for nature’s give- 

When four equal tetrahedrons arc and take and constructions — as structural 
grouped to define a larger tetrahedron, systems — you use up three limes as much 
the resulting space is an octahedron. You space as you do if you count space volumes 
can actually make a larger tetrahedron in tetrahedron units. Since nature always 
using four small tetrahedrons and one economises, it never uses cubes for its 
octahedron. If the volume of fhc small tet- structuring. If you use tetrahedrons as 
rahedron is one (edge-length — one your co-ordinating system, something very 
niaichsticl). then the volume of the larger economical and fundamental happens. 


The cube ’s angles arc all 90 degrees. When 
you want to make a bigger cube out of lit- 
tle cubes — want to double the size of the 
cube — you then put eight little cubes 
together and get them closely stacked 
around a point. Ihe edges of the big cube 
are two units long (if the small cube has u 
unit edge). So it is possible to build only 
third power models using cubes. 

By using W degrees co ordinate sys- 
tems, you can put 20 tetrahedronsaround 
one point instead of the eight cubes. Two 
to the fourth power is sixteen, and there 
arc 20 tetrahedrons around a point. It is 
possible, then, for school children to make 
fourth and fifth power models with tet- 
rahedral and octahedral building blocks 


Mothane 


Mr Gupta, an electrical engineer is involved with 
popular science movements.. The mulch stick 
meccano ts'OS developed by hen ai part of tke 

llashungnbad Science Teaching Frognmrne 
earned at activity -based science teaching for vil- 
lage children 
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well and die place 800 km north. 

C is the centre of Ihe Earth. Hence 
COR and CPV are -local- verticals. TP 
and RO arc the parallel sun rays. P is to 
the north of O and arc OP = 800 knis. 
The ungle VPT is observed lo be 7«/s° 
and so is the corresponding angle 
(hypothetical) VCO at the centre of the 
Earth. The V/i° arc is tK>0 kms. Clearly 
the circumference, which is a whole are 
should subtend an .ingle of 360° at the 
centre. By the simple "rule of three” 
(proportion ) the circumference comes to 
be 360/71* X WHI km 
- 48 X 800 km 
= 38.400 km 

Simple isn’t it? 

Of course the result is slightly incor- 
rect. Ihe true value is close to 40.000 
km The ancients did not have instru- 
ments accurate enough for sighting — 
neither telescopes nor sextants. How- 
ever. in the centuries following.pcoplc 
built huge fixed structures like the obser- 
vatory at Jaipur. The massive sextant 
near Samarkand allowed the royal 

astronomer Ulugh Beg to produce tables 
which were more accurate than those of 
Tycho Brahe (See SCIENCE AGE, 
August 1985). 

By then the circumference ol the 
Earth and hence the Moon's distance 
from the Farth and the diameter ol the 
Moon were fairly accurately calculated 
bv geometry and trigonometry. Galileo 
could then use these results to calculate 
the height of mountains on the Moon. 
(They arc taller than Everest!) 

But that is a story for another Info 
desk. 


T ▼ surveying/ i nc tann nan iun 
been circumnavigated yet — j feat 
Magellan was to perform nearly 1500 
years later. 

These who believe that the ancients — 
or the heirs of extraterrestrial visitors — 
had a much more advanced technological 
civilisation than even our present one, 
would object to these statements! But 
they stand nevertheless. 

Even then measuring the Earth on the 
spot was a problem. Surveying on land is 
difficult enough. Try putting up markers 
on a choppy sea surface. 

Perhaps in those troubled times any 
attempt to measure the Earth on the spot 
would have crime up against hostile 
tribes and pirates as did the attempt to 
measure the Parisian meridian at the 
time of the french revolution. (The 
revolutionary government had decreed 

that the * defined" meter would be a 10 
millionth part of the North pile to 
equator part of the Parisian meridian.) 
Presumably there were quite a few canni- 
bals around too. 

Yet the ancient sages of Egypt which 
was a prominent scat of Greek civilisa- 
tion then managed to measure the cir- 
cumference of tin: Earth fairly accu- 
rately for it’s time How? By keenly 

observing a popular fable. 

The fable was that at it deep well near 
present day Aswan » strange thing hap- 
pened once a year. Only once in a year 

could you see the Sun — at noon — front 
the bottom of the well The well presum- 
ably had steps for descending to the 
water surface. It did not take long for the 
observers to note that the sighting of the 
Sun always took place on the longest day 
ol the ycat. (That is around 2 1 June of 
our present calendar). On all other days 
the Sun was always a bit to the south of 
the vertical — as it B tor New Delhi and 
more northerly towns of India, through- 
out the year. 

It should he clear by now to our read- 
ers— though the ancients did not realise 
then — that the particulai well was 
located on the tropic of Cancer. (It pas- 
ses very near Ahmedabad) The ancients 
also knew that on the same day — at high 
noon — at a place near Alexandria — 
800 kilometres to the north the Sun 
stood nearly 7 ',2 degrees to the south. 

(Of course people did not then measure 
in terms of kilometres. The units of 


length in common use were the stadia — 
we have converted the distances to mod- 
ern measure for you.) 

The sages then argued thus: First, the 
Sun is very, very far owuy from the 
Earth. So we can say thai the Sun's rays 
coming to us may all be regarded as 
parallel. Second the Earth is spherical in 
shape. (The ancients were already 
navigating ihe relatively tranquil 
Mediterranean sea. It hud no tides. The 
observation ol approaching and receding 
sailing vessels convinced them that the 
Earth was really spherical). Third, any 
section ol a sphere is a circle. This fact 
was known to the ancient geometers. 

So they drew the following diagram to 
illustrate the sighting ol the Sun from the 
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Soap films 


S OAP BUBBLES and films are fasci- 
nating; they have also been used to 
solve some practical problems. Consider, 
for instance. a postman who has to deliver- 
mail in three villages everyday. Rural 
roads being bad lie is free to cut across 
fields and make his own path. How best 
can the postman minimize his beat? 


Minimum surface* 

Soap films form minimum networks. 
This can be easily demonstrated by a 

simple experiment as in Fig 1. Here, a 


withdrawn, soap films clinging to the pins 
join in a three-way comer (Fig 2). This 
triple junction is depicted in Fig 3(a), the 
three dots representing the three pins and 
the three lines meeting at 120° represents 
the cross-sections of of the three vertical 
films. The interesting fact is that when the 
three films meet at 120', they use less 
material than they would if they came 
together in any ocher way. With a little 
plane geometry you can easily prove that 
the films have per cent of the length 
they would have if they travelled directly 
from pin to pin around the perimeter as in 
Fig 3(b). Thus the three-way 1211“ junction 
uses the least material. 

Let us experiment further with the 
drawing pin sandwich. What happens if 


still more economical picture (Fig 5a). 
This system of two tnple junction uses 91 
per cent of die material of Fig 5c. Though 
a double, three-way junction, and a single 
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small loop of thread is supported on a 
soap film stretched across a metal ring. 
Pricking the film in the centre of the loop 

causes the film around the outside to pull 
the loop open to make a perfect circle. 
Ihc hole inside the loop becomes as large 
as possible and circular, because the film 
around its outside becomes as small as 
possible. The soap film opens out the 
thread loop just as firemen hold open a 
rescue net — by pulling outwards in all 
directions. 


Triangular beat 

The problem of the postman and the 
triangular beat can be simulated by taking 
three drawing pire (thumb-tacks) and 
placing them between two glass sheets (or 
clear plastic perspex sheets). If an entire 
sandwich of glass and drawing pins is 

dipped into a soap solution and then 
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the triangle has unequal angles. In the 
triple junction wc observe a general rule 
— the (unction moves towards the pin that 
sits at the vertex commanding the largest 
angle. Furthermore, we observe that 
when the triangle outlined by the pins has 
a vertex with an angle of 120° or more, the 
triple junction degenerates and joins the 
pin that marks the vertex (Fig 4). 


four-way junction are not very different, 
representing 91 per cent of the three sides 
of a square, yet the soap films 
unerringly choose the one with the least 
material. 


Square beat 


Now let us add a fourth pin to the 
sandwich. If the pins sit at the vertexes of 
a square, we might expert the partition to 
meet at a central four-way junction, as 
depicted in Fig 5b. Indeed that system of 
partition uses per cent of the material 
that would he used to enclose the square 
on three side&as shown in Fig 5c. Howev- 
er, if we withdraw the four pin sandwich 
from the soap solution, the film adopts a 






Fig 4 



What happens if the pins are arranged 
in on irregular quadrilateral instead of a 
square? In this case too. the triple junc- 
tion moves towards the largest angle of a 
quadrilateral. Fig 6 makes dear the move- 
ments and the degeneration of the two 
triple junctions as the four drawing pins 
arc moved. 


Pentagonal beat 

Uptill now we have used four drawing 
pins in the sandwich. Suppose we add 
more. A regular arrangement of five pins 
gives nsc to three triple junctions and the 
network of films can adopt any of the five 
positions shown in Fig 7. If we keep 
increasing the number of thumb-tacks and 
study their nctworks-soon a pattern begins 
to emerge The triple junction emerges as 
the stablest. The number of drawing pins 
(or points) minus the number of triple 
junctions is always equal to two. 

Thus the property of soap films to form 
minimum surfaces can be used empirically 
to obtain elegant solutions to some prac- 
tical problems. For more details you could 
consult Soap bubbles by C V Boys, and 
Patterns in nature by Peter S Stevens. 


ARViND GUPTA 


Mr Cupla it an HT- Kanpur trained engineer. 
He hat been associated with several educational 
and development groups and has written and 
trarslated many popular science hooks end arti- 
cles. 
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Bharat Jan Vigyan Jatha (BJVJ) 


T KR RVF zonal Jan Vigyan Jathus. 

which started on 2 October from 
Srinagar. Madras. MaJda. Solapur an<1 
Imphal. converged on Bhopal on 7 Nov- 
ember after covering a distance of more 
than 2fi.(MI0 km and addressing millions 
of people al more than 550 Mops along 
the mute. Travelling at the rate or about 
250 km and giving three performances 
per day had tired the activists and they 

looked bedraggled. Though their voces 
had turned hoarse, there wasaglcam in 
their eyes us they approached Bhopal. 

I he Bharat Jan Vigyan Jatha was tnily 
monumental in its sweep and vision as it 
attempted to knit the whole country 
wi th I he sinews of peace and pro-people 
science. 

There were four vans carrying the 
mobile science exhibitions of the Nehru 
Science Centre, Bombay, Visvcsvarai- 
ya Technical Museum, Bangalore and 
the National Science Museums from 
Calcutta and Delhi. Amongst the dele- 
gates at Bhopal, the largest contingent 
came from the Kerala Sastra Sahitya 
Parishad (KSSP) - one of the oldest 
and best organized People's Science 
Movements (PSMs) in the country. 
Over 750 KSSP activists, all attired in 
w hite lungies and white shirts came by a 
special train Each of them had individu- 
ally contributed Rs S(X) to defray the 
transport and other sundry expenses. 

Tins certainly demonstrated the organi- 
zational capacities of the KSSP. 

At Bhopal, ull tire participants gather- 
ed at the Kavindra Bhavan. There was a 
lot of informal intermingling and ex- 
change of notes as the occasion provi- 
ded a rare opportunity to meet so many 
activists from the various PSMs all over 
the country. At around 11.00 a m the 
participants divided themselves into se- 
ven discussion groups — each headed 
by a panel of eminent and socially con- 
scious scientist . The groups discussed 
Subjects like “Technology foi Self-Reli- 
ance". "Health and Drugs". “Educa- 
tion". "Shelter". " Environment and 
Natural Resources” and "Water Man- 


agement". The participants were free lo 
choose their own discussion groups de- 
pending upon their inclination and inte- 


Teehnology for self-reliance 

H M Udgaonkar. chairperson of the 
Bharat Jan Vigyan Jatha (BJVJ) and u 
senior professor at the T1FR. dccned 

the reckless opening of the Indian 
economy for exploitation by the multi- 
nationals. He cited two specific exam- 
ples in support of his arguments. 
Twenty yean back, the late pome 
minister Indira Gandhi hadaked Vikram 
Sarabhai to suggest areas of high tech- 
nology in which India could make a de- 
but One such hi-tech area that was 
identified was the research and setting 
up of Earth .‘Satellite Stations. Consider- 
able indigenous R & D went into this 
sphere and the first such station was 
successfully set up at Arvi. near Pune, 
in 1958. But despite considerable indi- 
genous research experience and capabi- 
lity in this field, the government has 
buckled to multinational pressure and 
allowed liberal tie-ups with foreign 
countries in this sector. 

'Ihc othci example was more blatant 
in castigating the government as it con- 
cerned the tie up in a relatively low tech- 
nology sectot . The pioneenng effort of 
organizations like Ki shone Bharati and 
Eklavya hud resulted in the design and 
evolution of an appropriate. k»w-cost 
science leaching kit largely based on 
local materials. This kit has been con- 
tinuously tested and upgraded in close 
collaboration with village children and 
teachers in Madhya Pradesh over the 
last 15 years But tiespite this, the ex- 
perts in the NCERT (National Council 
for Educational Research and Training) 
have found it necessary to collaborate 
with Germany to produce science edu- 
cation kits tor children of Madhya Pra- 
desh. Soon the NCERT with thc“hclp 4 
of the German "experts" will set up a 
full-tledged workshop in Bhopal to man- 


ufacture these science kits. Udgaonkar 
said that this anti-national ethos of the 
government to recklessly import tech- 
nology can only be broken by sustained 
pressures from the People's Science 
Movements. 

I he panel on education consisted 
amongyt others of M P Paramos wurun. 
convenor of the BJVJ and Anita Kam- 
pal from Eklavya. The participants felt 
that after 40 years of independence the 
new education policy was abandoning 

its goal of 100 per cent literacy and univ- 
ersal primary education. This was clear- 
ly an abdication of political will. While 
all over the world, expenditure on edu- 
cation ranged between f> and 9 per cent 
of the total government's budgets. India 
spent a paltry 3 per cent Even the 
measly amount was highly skewed in 
favour of the urban elite and tertiary 
education sector. The group strongly 
suggested the use of the mother tongue 
at the primary school level and a practi- 
cal approach to the study of mathe- 
matics and science. 

The group discussion on water man- 
agement argued tint although India re- 
ceives more rainfall than most other 
countries of a similar size, the rainfall is 
unevenly distributed; nearly 50 per cent 
of the water is lost due to evaporation. 
The retention of rainwater can be in- 
creased by grasslands and forest. The 
following points Were highlighted: 

• drought was inun-made and was 
caused by the increased use of ground 
water. 

• afforestion was the best means of 
fighting drought. Deep-rooted vegeta- 
tion such as trees is essential. 

•water pumps and their utilization of 
water needed to he socially controlled 

• rational utili/aikm of water could not 
Like place as long as the land holding 
pattern was not changed. 

The rally and the utsav 

Al around 2.00 in the afternoon all the 

participants marched in a long rally in 
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BhopoL u distance of 6 km. The route 
included the Union Carbide factory. 
The rally stopped at the gates of the 
factory — the MIC leakage from which 
had killed around 3.000 people and 
manned and decapiciuued another two 
lakh people — and took a solemn oath. 
"No mote Hiroshima*, No more 
Uhopals”. 



/ on' «vm7 reiknee invi troll 


he collective open session had 4.000 
participants. Each /until iathti presented 
one drama skit the ones they fuel 

pet formed enrotitc like "Ekhvya’s 
Tnumh". "Product**. Bertolt Brecht's 

“Learn friends learn" and "The 
liarth". The open session was addres- 
sed hy l klgannknr and Panimes warm . 
und Narertdra School, Director NCSTC. 
( National Council for Science & Tech- 
nology Communication) whose depart- 
ment provided the funds fpi jathas. 

Books and toys 

I he various PSMs had set up stalls to 
sell their books. The Delhi Science 
Forum ( DSF) hud brought out u beauti- 
fully illustrated booklet appropriately 
titled Park nett of a rhotiMirui sum — an 
account of the causes, complexion and 
consequences of the nuclear arms race. 
The Fkluvya stall sold issues of the 
monthly children's magazine in Hindi. 
Chakirrnk They also sold Khfl-Khfl 
\f<‘i/i a book on low-cost waonce ex- 
periments designed as pin of the Ho- 
shangahad Science Teaching Pro- 
gramme. Khel-Khel Mein sold a record 
of 1 .201) copies in a single day . 

One off shoot of the iath;i was that 
some other Languages, for instance. Sil- 
ence Societx and Nature in Malay alam 
w as translated by the KSSP activist K K. 


Krishnakiiimu into Fnglish. Ihc trans- 
lated version was priced at Rs 5. 
Another beautiful book which the KSSP 
.should he congratulated fur bringing out 
was I aiuri Baker's How to reduce build- 
/Tig costs. 

However, tlie greatest attraction for 
children was a stall selling low-cost sci- 
ence reaching aids and .toys. It sold a 
Mariner's telescope — four colttpsiblc 
tube* with lenses on both ends for 
Rs 5. a completely disimmiublc p:ri- 
scope for Ks 5; a hovercraft made out of 
a balloon and plastic dkc with a hole in 
the centre priced Rc I sold one 
thousand pieces within a few hours. The 

brisk sales of science toys was a revela- 
tion of the tremendous potcnti.il which 
concrete "models” hold for interacting 
with children. It is also a pointer indicat- 
ing what sort of work needs tu he high- 
lighted by the I’SMs. 

Mutual collaboration should make it 
possible to set up several local centres 
for making science toys. Such groups 
could soon become economically inde- 
pendent and autonomous. 

Critical appraisal 

A drawback ut the Bhopal meeting 
was the inability of the organizers to 
Convene u meeting of all the five zon.il 
jathas, so that their participant* ecu*] 
share their expenencesand feelings dur- 
ing the jatha and exchange notes. Such 
an exercise would have been useful for 
planning future efforts. However, there 
was ti lot of informal intermingling and 
the interviews with several activists and 
outsiders point towards certain salient 
generalized observation* for overall 
consideration 

I. A mo Jem State with all its comp- 
lexities is difficult to characterize; the 
vast Indian State, with 200 years of colo- 
nial experience, is even mure so. There 
arc contradiction' within the State. Of- 
ten. I he left hand .if the State does not 
know whiit the right arm is doing, or soil 
appeals. 

• The Indian State which collects .i 
few thousand cron: rupees every year in 
excise revenue by way of sale of liquor, 
also gives a few lakh rupees every year 
to the Ml Indian Prohibition Council fur 
printing posters for their anti-liquor 
campaign. 

• The same State which supports tie 
Hoshangabtid Science Teaching Pro 
gramme to promote activity bar«d sci- 
ence learning negates this woik by col- 
laborating With the Germans for produc- 
ing science kits. 

• Tlie same Suite whose scientific labo- 
ratories arc a mockery of people orien- 
ted rescurch, also supports science 
popularization programmes. 

• The same State which actively colla- 
borated with Union Carbide ut one singe 


may ulso find an activity a&tinst the 
multinational at some other stage. 

Perhaps, the State machinery is so 

gargantuan that one bureaucracy docs 

not know what the other is doing The 
PS Ms should lake a cue from Ihc KSSP 
and endeavour to build their own base 
amongst the people This will enable Ihc 
PSMs (u nuintain their independence 
and autonomy and oppose the State, if 
•md when the need arises. Is the Indian 
stale, which spend* a staggering rupees 
42 crorei everyday (or SI) paisa per day 
per Indian citizen on armuments and 
war machinery), « pro-people’s State? 

2. Hie participation of women in the 
jut ha was very marginal. Less than 5 per 
cent of ihc 720 KSSP activists coming 
from Kerala w-erc women. If women 
constitute half the people of the coun- 
try. ihe participation of women aixl the 
inclusion of the feminist viewpoint on 
S&T is essential to humanize the 
movement. 

3. The programmes during the BJVJ 
were dependent on the composition and 
savvv of the local committees. Aboui 60 
per cent of I he programmes were hosted 
by some college or educational institu- 
tion. which assured n captive audience 
of students and children to the exclusion 
of the toiling peupk:. At places where 
the programmes were held at the market 
place or the city square, the purtiripu- 
fion of the common people was much 
e^ore 

4. The HJVJ attempted to collaborate 
with groups belonging to a wide array of 
political persuasions hut it appears that 
« few groups with a different political 
hue were not accommodated or were 
outright rejected Irrespective of politi- 
cal tendencies. TSMs should try and 
broaden (heir overlap with other groups. 

5. The centralized training work- 
shops for thcatic and science toys re- 
sulted in certain standarJ stereotype*: 
With little room left far incorporating 
local Jon ns and innovating with local 
specificities. Ihc same sci of skits were 
performed all over ihc country without 
taking into cognizance the local condi- 
tionsaml demands. There was little flex- 
ibility. for instance, to improvise a --kit 
on "drought" which severely afflicted 
the stales of Gujarat and Rajasthan 

\t no time have so many PSM' come 
together for u single programme. This 

intense human to human conlict will 
enable the PSMs tocurnc closer to each 
other and learn from each other s 
experiences. 

ARVIND GUPTA 
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Tangram 


T ANGRAM IS a Chinese pilule be- 
lieved to be more than a 1 .000 years 
old. No one knows who its inventor was. 
In China n is popularly known as the 
"Seven Boards of Canning" Even today 
Ihis puzzle remains unmatched for its sim- 
plicity, possibilities and sheer brilliance. 

The puzzle resembles the western jig- 
saw puzzle, but it differs from the jigsaw 
in that it always has the same number of 
pieces, which can be fitted together In 
diffcrcnl ways to make a number of 
shapes. Ihe seven pieces are formed by 
cutting a square in a certain way The size 
of the square is immaterial. It is only the 
relative proportions of the pieces that 
matter. The seven pieces consist of (I) a 
pair of Dig triangles, 12) a pair of small 
triangles. (3) a middle sized triangle (4) a 
square and (5) n parallelogram. All the 
seven pieces must be used in each case to 
construct the figures. The figures could be 
geometrical (such as a triangle . trapezium 
or parallelogram); or representational 
(human figures running, sitting, falling, 
playing, dancing, reading, man on a 
horseback, birds, animals, bridges boats. 
house$.etc). 


the pieces arc then coloured black on both 
the sides. As cardboard tends to fiay and 
wear after some use. a more appropriate 
material for making tangram is the "rub- 
ber" used on chappal top. just over the 
sole. It is called "bunbur’’ by the cobblers. 
This lubber comes in different colours in 
thicknesses ol 3 and 4 mm. It is plain on 
both sides. It is workable and easily cut 
with a shoemaker's knife. A lOO-mm 
square of htinhur costs around Rs 1.25 
only. 


Conservation of area 

It is possible to make several thousand 
figures using all the seven tangram pieces 
in each case. Some of the human and 
animal shapes arc easy to construct be- 
cause in these tangram pieces can be easily 

"figured out" — the two small triangles 
for the feet, the square for the head. etc. 
On the contrary, some of the abstract 
geometric shapes like hexagons, parallelo- 
grams. ate mote difficult to make. This is 
because it is difficult to isolate any indi- 
vidual tangram piece in these geometric 
shapes. For instance, anyone who has not 

seen the tangram being cut would he haul 
put to assemble the square out of the 
seven pieces. 

Because all the seven pieces have to b« 
used in each case, so the area of each fi- 
gure remaias the same. This beautifully 
illustrates the principle of conservation of 
area. Also, in the process of assembling 
the seven pieces into meaningful formats 
on% gets a tremendous feel for ratios and 

proportions. 


urn 
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Make your own tangram 

It’s simple. Mark out the tangram pat- 
tern on a graph paper or. simpler still. on a 
square grid copy used lor school arithme- 
tic. A 100- mm square tangram is quite 
easy to handle. Mark the outer square on 
the grid along with the seven shapes. Stick 
this paper on a thick cardboard and cut all 
the seven pieces with a sharp knife. All 
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Tangram is a 1000-yea' old Chinese puzzle. The 
game consists of seven pieces. formed by culling 
o square in a certain way. Using all the seven 
pieces of the square in each ca>e. make she fol- 
lowing shapes. Only the anilines are being 
given. You have to figure out haw the seven 
pieces have been pus together in each case. 


4 fc 


A few tungram figures shown will give 
you a glimpse of ihe versatalicy and possi- 
bilities of the tangram In each case only 
the outline has been given and you have to 
figure out how the seven pieces have been 
put together. Tangrams will present a real 
and pleasurable challenge to your skill and 
imagination. Tangram is one puzzle which 
transcends barriers of literacy and age. It 
will enthuse one and all — from the 
schoolboy to the scholar. Artists have 
used tangram for designing trademarks 
and symbols. It gives excellent practice as 
an exercise in concentration or as a train- 
ing in the understanding of shapes. Try 
making your own figures with the seven 
shapes. Tangram is simply enchanting: no 
wonder Napoleon whiled away the mono- 
tonous years of his exile playing with the 
tangram. 

For more info, refer to Tangram by 
Joost Elffers (Penguin Books) 

ARVIND GUPTA 

Mr Gupta is an ITT- Kanpur trained engineer 
He ha* hem associated with several educational 
and development groups and has written and. 
translated many popular science books and arti- 
cles. 


OH, THESE 
SCIENTISTS! 


George Abell will be long remembered 
fir o very unusual distinction. He figures h 
the Gutness took of wood records 

Eponymous record. The largest object 
to which a human name is attached is a 
superduster of galaxies known as Abell 
7, after the astronomer Dr George O 
Abeil of the University of California. The 
group of dusters has an estimated 
dimension cf 300, (XX) ligpt years and 
was announced in 1961 


When Wolfarg Pauli discovered the ' ex- 
clusion principle" <n 1925, ihe world of 
quantum physics was n constant ferment 
with the fo<v of new discoveries. Accord- 
ing to this prnciple, two electrons carrot 
be m the same place at the same time — 
they exclude each other. If you force them 
together, they repel each other. This repul- 
sive force, caled the "exchange force", has 
no analogue in classical physics and can be 
understood cnV in a quantum wcrld. But 
this world was becoming more and more 
difficult to fully comprehend So much so 
that it led Pauli to exclaim, "Physics s de- 
cidedly confused at the moment, in ary 
event, it is much too difficult for re, ana I 
wish i had ne\**r heard of it." 


When Werner Heisenberg appeared for 
his degree, he was requirec to take an oral 
examination. He w« as<od :o calculate the 
resolve power of a rricoscope — cn 
elementary calculation in optics He 
coodn't, because he didn't know the 
physical . properties involved. Heisenberg 

did get his degree, but was denied full 

honours end admonished to study optics. 

Heisenberg later discovered the "uncer- 
tainty principle", a profound feature of 
quantum mechanics not fcunc in Newto- 
nian mechanics. It slates that certain pairs of 
physica variables — such as momentum 
and position cf a panicle — cannot be 
simultaneously measured with precision; 
one can ony obtain a probability distribu- 
tion of these measurements. And Heisen- 
berg llustrated this -e-rvirable prnciple by 
considering the roolvirg power of a mkro- 

s cox — the very problem r« stumbled 
over 'or his crals. 
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Slinky 


F ROM THE thousands of science 
experiment* with waves, we 
know that they are either transverse 
or longitudinal. Here we ll explore 
these different waves. 

String waves 

lie a string or a clothes-line about 
20 ft (about 6 metres) long to a door 
knob or a tree. Hokl the free end of 
the rope in your hand so that it is 
almost parallel to the floor. Move 
the rope up and down, first slowly 
and then rapidly. Though the hand 
moves up and down the string 
waves move forward, that is, in a 
direction perpendicular to the direc- 
tion of disturbance. Fold an old 
postcard to a V-shape and put it on 
the string. Now, move the string up 
and down to produce a series of 
waves. What happens to the post- 
card as the waves pass under it? 
Can you get the waves to travel 
along the rope without the postcard 
falling off? 

Water waves 

Let's now examine the motion of 
water waves. Imagine a stone fal- 
ling in a pool of still water. The 
weight of the stone pushes down 
the water with which it comes into 
contact and a depression is created. 
Hut water is almost incompressible, 
so room must be made for the water 
that is pushed downward’s. This can 
only be done by raising tlic water in 
the immediate neighbourhood of 
the fallen stone, so the central de- 
pression is surrounded by a ring of 
raised water. 

The ring of raised water falls back 
under the pull of gravity and its 
weight acts like the original weight 
of the stone. It pushes the water 
underneath downwards and throws 
up a wider ring of water a bit further 
away from the original centre of dis- 
turbance. This process continues 
and the concentric ripples move 
further and further away from the 
centre. It is important to realise that 
water is moving up and down only. 
The disturbance is propagated out- 
ward across the surface of the wa- 


ter, and it appears as if the water is 
moving outward: however, it is not. 
Only the disturbance is moving out. 
A cork floating on water that has 
been disturbed into ripples will rise 
and fall with the rise and fall of the 
water it rests on, but the moving 
water ripples will not carry the cork 
with it. 

Transverse waves 

A wave like the siring wave or the 
water wave in which the motion of 
each part in one direction (up and 
down in this case) and the direction 
of propagation of the disturbance is 
at right angles to the direction (out- 
wards across the string or the water 
surface in this case) is called a trans- 
verse wave. Transverse comes 
from Latin; it means “lying 
across" 

Metallic slinky 

Long metallic springs have been 
sold abroad for a long time (Fig I). 
The metallic slinky is now being 
produced in India and is available 
for around Rs 20 Spring coils that 
move buck and forth have produced 
many hours of pleasure for chil- 


dren. The slinky has also been used 
to learn more about waves. If the 
free ends of such a slinky arc held in 
the two hands, their metallic coils 
pour from one hand into the other 
as if it was a metallic siphon. A 
metal slinky cun also be made to 
climb down stairs. Its motions are 
extremely intriguing. 

Longitudinal waves 

Another kind of wave motion is 
illustrated in the vibrations of a tun- 
ing fork. The prongs of a tuning fork 
move left, right, left, again in a rapid 
periodic motion. As it moves, it 
creates waves of alternate compres- 
sion and rarefaction, the individual 
molecules of air move in one direc- 
tion when compressed and in the 
reverse direction when rarcficd.Thc 
volumes of compression and rare- 
faction move outwards and are pro 
pagated in a direction parallel to the 
back and forth motion of the mole- 
cules. Such a wavein which the par- 
ticles move parallel to the propaga- 
tion rather than perpendicular, is a 
longitudinal wave or a compression 
wave. Sound travels in longitudinal 
waves. 
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Plastic bangle slinky 

Coil plastic bungles arc sold as 
trinkets in villages. Apart from 
blight colours they also come in 
four different diameters. Each 
spring bangle has 24 coils. They 
cost about Re I each. Couple the 
ends of three such plastic spring 
bangles with the help of two bits of 
cycle valve tube. The end coils of 
adjacent bangles are joined with a 

thread (Fig 2). 

This long spring bangle makes a 
delightful slinky. Hold one end of 
this slinky vertically and give the 
hanging coil a jerk. The whole 
spring bobs up and down and starts 
oscillating. Slowly, because of fric- 
tion, the successive oscillations be- 
come smaller and ultimately die 
out. This is a beautiful demonstra- 


tion of damped oscillations. 

Fasten one end of the coiled spr 
ings to the leg of a desk or a chair 
and stretch the spring along the 
floor (Fig 3). Jerk the free end of the 
spring. A disturbance is created 
which travels along the spring, and 
returns after reaching the chair end. 
It’s like sending a message and get- 
ting a reply back. It’s also akin to an 
incident ray of light striking a nor- 
mal and returning back as a reflec- 
ted ray. Do the slinky coils move at 
right angles to the disturbance that 
goes down the length of the spring? 
No. The direction of motion of the 
disturbance is parallel to the hack 
and forth motion that causes it. It is 
different from the string waves and 
the water waves. 

Now hold both the free ends of 


the bungle slinky and jerk them in 
wards. Waves emanate from both 
ends and collide in the middle, gra- 
phically demonstrating the interfer- 
ence of waves. 


If one end of the hangle slinky is 
jerked on a smooth floor it moves 
like a slithery caterpillar. 

Each spring bangle makes a low- 
rigiditv spring. It can be used to 
perform many experiments where a 
low-rigidity spring is required. Most 
of the springs used inordinary bicy- 
cles are so rigid that it takes several 
kilograms of load before one regis- 
ters an appreciable extension. Hang 
u bangle spring from a nail and 
wedge an old postcard between its 
lower coils. 

The postcard acts both as a pan as 
well as an extension indicatbr. 
Now, keep adding 25 paise coins 
(weighing 2.5 g each) to the post- 
card pan and measure the exten- 
sion. A plot of the load versus the 
extension would give a straight line 
indicating that the spring was well 
within elastic limits. 

ARVIND GUPTA 

Mr (iujiiu, an HT-truuied engineer, hut 
been associated with many educaimnu! 
groups. He has written several popular 
science books and tin ides, especially for 
children. 
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in structural engineering to build 
trusses for bridge), hangers and 
other structures requiring rigidity. 
All linkages are constructed in 
Mich a was that they torni truing 
les. 

“My engineering friends, alter 
seeing i h?se demonstrations. hive 
told me lhat it was never so clear 
to them before." Mr. Ciujita told 
tNS liter. A number ot fascinat- 
ing models have hern developed 
by his colleagues of iht "Auvhan 
gabad science" that was originally 

developed in two eminent educa 
tionistv. Dr Anil Salgnpal and 
Dr. Sudir.hna Kapoor, in 1972 
With iwo injection tulx's Mr. 

Gupia had made an houi glass. 
The rubber caps of the bottles 
have been pasted with vootion 
back-to-biftik. a hole has been 
made with a big thorn .md ihe 
orifice has been made uniform by 


woiivw e-cPCe u 




Cheap way to teach science 


Express >ews Service 
Rangalor*. Jan. 4: The princi- 
ple' of geometry, molecular struc- 
ture « ethane and certain basic 
ideas . structural engineering 
were realistically demonstrated 
with the help of mutch sticks, 
■roubles ami cheap rubber lubes 
bv a young engineer at the Indian 
Science Congress here on Tues- 
day 

At a special session for young 
scientists. Mr Arvind Gupta de- 
monstrated inexpensive methods 


Of developing teaching aids for 
rural children with the help of 
easily available materials 'Chil- 
dren just love these games that 
touch them that science is around 
them, everywhere." he said. ”Au- 
shangahad science ' from Madhya 
Pradesh, nearly 14 years old. is 
gaining popularity in I* districts 
of MP. 

The method is easy to under- 
stand and based on sound scien- 
tific principles With the help of 
valve tubes available m any evde 
shop v-xJ match slicks with heads 
scrap off. Mr. Gupta built 
simple geometric figures with 
flexible joints. 

"With five such small rubber 
tubes luting an equal number of 
sticks, you make a pentagon. 
Since Ihe joints arc flexible you 
make different shapes of penta- 
gons. With tour sticks you make a 
square that can easily convert to a 
rhombus of various angles. When 
you come to a triangle you stop. 
Although flexible, the joints do 
not bend” 

By this timplc demonstration 
Mr. Gupia had explained ihe en- 
tire principle of triangulation used 


inserting j piece ot ordinary refill, 
in them "By pulling the right 
amount of sand in the bottles you 
tan time it exactly lor a minute nr 
two." he said. 

Mr Gupta has alongside made 
small wooden cubes from electric 
bcading used in all homes and 
with letters painted on the cubes a 
boggle puzzle is ready Pach bog- 
gle unit with ihe hour glass will 
not cost more than Rs 2.50. "The 
same thing from one of our popu- 
lar toy companies costs about Rs 
4h Whore can Indian children, 
harnngthc rich minority, get such 
money?" he asked. 

Tangrum. the lOfW-y cur-old 
Chinese puzzle in which children 
make animals in several postures 
frmn seven uneven pieces of a 
squire, has been created with u 
sheet of cobbler's rubbci Photo- 
cop v sets of diagrams are enclosed 
with the rubber pieces ami the 
whole thing is sold for Rs. 1.50. 
"Our rubber is soft and unbreak- 
able unlike the commercial puzzle 
available for Rs XU". 

Gear mechanisms from soda 
bottles, tipper trucks from match- 
boxes. and toy trains with button 
wheels made from battery cells, 
are part of Aushangabad science. 
"It e> fun and very practical." Mr. 
Gupta said. 

Unfortunately, tradition has 
Still not accepted the unconven- 
tional and useful methods of this 
science. "We are getting children 
at the levels of sixth and seventh 
standards so far lo demonstrate 
the methods but it is too lute by 
then. Only recently we have 
started on children at lower 
levels '* hr- said. 
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I 

Rules of thumb 


T HERE'S THIS story of a village 
mother-in-law who had three 
daughters in-law. And like most folk lore 
| mothers-in-law, this one also look life 
easy, assigning chores to the younger 
j women. And the chores were distributed 
among ihe three quite fairly. Only in dire 
| circumstance, did ihe mother-in-law 
| share tlicii burden. 

Ihe task ol cooking was assigned to ihe 
I petite dainty daughter-in-law. One day, 
white the lady in chaigc of the kitchen 
was away visiting her parents, a hoard ot 
guests dropped in and it fell to the 
youngest daughter-in-law to took for 
them On instructions from the lady of 
the house, she added two handfuls of salt 
to the cutty. It became uneatable — just 
t(x» salty. 'Thinking that she had done it 
out of spite, the old lady assigned the job 
to the other daughter-in-law the next day . 
The result was even worse Meanwhile, 
the petite one returned and conditions 
improved. 

After the guests had left, the mothcr- 
■ in-law. admonished the two awful cooks. 

I But they pleaded “We only followed your 
instructions". They had. So what exactly 
went wrong. The answer's simple: lire 
amount of salt in the “handful" of the 
three young women varied greatly. 
Maybe the story's an exaggeration, but 
don’t folklores thrive on that? 

If you visit villages even today mea- 
surements arc done by approximate 
means. A villager many check the length 
of a piece of doth by stretching it from the 

tip of her nose to the end ot her extended 

hand Of from the tip of her finger till her 
: elbow. Small lengths, might be told as 
number of finger breadths; weights may 

; be told in the form of “as much as that 
1 vessel filled with water", a house, field or 
a depth of a pond etc may be described as 

"so many man lengths, or bullock 
lengths'. 

Measures have hee-n used loosely and 
where there has been no need for high 
accuracy they have served a purpose. 

Why , a friend in Bombay who had bought 
anew flat described it to he thus “Twenty 
persons can sit comfortably in the living 
room so you can judge its area"; 1 was 
foxed but my other friend, also from 
Bombay, seemed to understand it per- 
fectly. 

When one uses such subjective forms 
of measurements there is always the 
danger of errors. So one has to be a little 
more specific. That's where standardized 
measures come in One square cm is the 
same no matter who marks it. 

But one can't always carry around a 
measuring device; some people do. 


There urc some easy ways of measuring 
using everyday objects. I he secret here, 
however, is that these objects are stan- 
dardized against known mcuuircs. There 

are several thumb rules fot this. 

Thumb rules arc ready reckoners 
which enable you to compare and 
crosscheck your estimates with ease;. One 
such ready reckoner is the matchbox, a 
low- cost universally available item ot 
everyday useage. Millions of matchboxes 
arc manufactured per day in factories. 
Because the matchbox is mass produced 
and factory made, its size and dimensions 
conform to certain standards The same is 
true ol many other objects In daily use. 
Let’s discover some fascinating facets of 
this most familiar cuboid-thc matchbox. 

The length ot a matchbox is always 5 
cm (2 inches) and so it can be used for 
estimating length. The length of six 
matchboxes kepi end-to-end equals 30 
cm or almost one foot. Some other 
objects can also he used as good estimates 
for measurement of length The post- 
card, for instance, is always 14 cm long 
and y cm broad. A ballpen plastic refill 
tube has an outer diameter of 1 mm 
Matchstickf have a squaic cross- section. 


Each side of this square measures 2 mm 
Normal bicycle spokes are 30 cm (or one 

foot) long. Normal bricks are Q inch long 
(22.05 an) Coins have standard dimen- 
sions. They can be used as fairly accurate 
measures to estimate length. 

Thus even if you don't have a ruler ai 
hand, you can always use some match- 
boxes. coins etc to estimate length 
Try to guess lengths by looking at the 
object Before measuring, first make a 
mental estimate of the length of the 
object. Then measure it either with a 

scale or with some improvised thing 
whose length you already know. Com- 
pare the difference between your guess 

and the actual measured length. This way 
you can refine your estimations; you can 
even use your hand You could, measure 
the length of your handspan and use it 
for approximating different lengths. And 
now. one for the road How much dis- 
tance do you cover in one step while 
walking’ You can use this estimate for 

approximating longdistance* like how far 
is it from the bus stop to your house. 

A matchbox has three distinct surfaces 

— the label surf ace ( A ) , t he strike surface 
(13) and the drawer surface (C). Why is 





Water 


(A) bigger than (D). when, both of them 
share a common length? Why Is (H) big- 
ger than (C), when both of them share a 
common breadth? Area depends on both 
length and breadth, and a change in 
either of these dimensions will lend to n 
change in area. 

How can you find the area of the 
matchbox shell in which the drawer fits? 
One simple way. of course . is to measure 
the length and breadth and then to multi 
ply them. There is, however, a very 
interesting way of finding the area of the 
matchbox shell. You’ve just seen that the 

cross-section of matchsticks is 2 mm x 2 

mm Matchs ticks can be used as standard 
“bricks”, for measuring aiea. Pack burnt 
matchstick “bricks’' in the outer shell of a 
matchbox, to construct a wall. The area 
of each “brick" is a standard and is 
already known. By counting the total 
number of matchstick “bricks" used, you 
can estimate the area of the matchbox 
shell. A large area is composed of many 
small areas. Obvious, isn’i it? 

But why is it useful to know that? Well, 
if you know the area of a unit component , 
you could calculate the area of the whole. 
Tor example, by counting the tiles in a 
room you could tell its area And in ease 
of an irregular shape, you could divide up 


the spate into easily measurable dimen- 
sions and add up the areas of several bus 
to get the area of the whole. 

The two dimensional graph is an 
abstraction But the square matchsiicks 
snugged together in the matchbox shell 

can give a concrete feel of the graph 

paper. 

Dip a little cotton ball in oil and rub it 
nn the matchbox drawer. Soon the wood 
and the paper of the matchbox drawer 
will absorb the oil. Dry the dr awer in the 
sun By oiling, the drawer becomes 
waterproof. This drawer when filled 

with water holds approximately 20 mil- 
lilitres (ml) of water. (The drawers' 
capacity is a good estimate for measuring 
2(1 ml.) You can use this as a rough stan- 
dard for measuring volume. To make a 
volume measuring device stick a thin strip 
of white paper along the length of a bot- 
tle. (It would be nice if you could get a tall 
thin bottle of more or less uniform diame- 
ter.) Now, filiupa matchbox drawer level 
full with water and pour it in the bottle. 

Indicate the water level in the bottle by 

marking a line on the paper litis line 
becomes the 20 ml mark. Add more 
drawers full of water in the bottle, each 
time marking the levels: 40 ml, 60 ml, 80 
ml , 1 00 ml etc on the paper strip . Y r »u can 


put midpoints between these graduations 
to indicate 10 ml difference marks. This 
graduated bottle becomes a measuring 
cylinder for liquids. If you fill the bottle 
up to the 100 ml mark, and then pour it 
out in a bucket and repeat it ten times, 
you can have a measure for 1,000 ml or 
one litre. (A milk bottle generally holds 
500 ml ( V2 litre) of liquid. 

Make a simple balance using leal cups 
or boot polish tins for the pans. The pans 
can be suspended with strings and then 
hung on either side of a uniform stick. 
Ensure that the balance point is equidis- 
tant from the two pans. Only then will the 
balance weigh truly If the beam isn't 
properly balanced, gently pour sand in 
the raised pan until the beam becomes 
horizontal. Now, keep a matchbox 
drawer ou each of lire pans. Aj the draw- 
ers have the same weight the beam will 
remain balanced. Fill the left hand 
drawer with water up to the brim. You 
already know that the drawer holds ?ftml 
of water. And 1 ml of water weights 1 g 
the density of water. So. 20 ml of water 
will weigh 20g. It amounts to putting a 20g 
weight in the left hand pan. Place an 
appropriate length of any junk wire in the 

right hand pan to balance the beam. This 
wire shall trow weigh 20 g. Straighten out 
the wire and cut it into half and quarter 
lengths to make lOg and 5 g weights. You 
can similarly make 50g and other 
weights 

We all carry standard weights in the 
farm of coins in our pocket. You must 
often have seen shopkeepers using coins 
to weigh small quantities of material. The 

approximate weights of some of the coins 
are: 

One rupee cojn (old) 8 g 

One rupee coin (new) 6 g 

50 paisc coin 5 g 

25 paisc coin 2.5 g 

5 paise coin (aluminium) 1.5 g 

Thus two, twenty-five paisc coins equals 
a fifty paise coin not only in monetary 

value, but also in weight. This is a very 
inleiesting relationship. 

A sealed, brand new matchbox is a 
good estimate for 10 g; 50 unburnt match- 
sticks weigh approximately 5 g. Thus, 10 
matchsticks are a good estimate for 1 g. 
and one single unbumt matchstick a very 
good estimate lor (J. 1 g. 

After having learnt to make measuring 
devices and measure, you arc probably 
on the right way of thinking quantita- 
tively. And to think of it we still 
have measures like Manday — the work a 
man can do in one day 
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